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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
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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.
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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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General Concepts in Antimicrobial Prophylaxis

Research in antimicrobial prophylaxis started in the 70’s when Miles and Burke [23]
established that the efficacy of antibiotics in reducing the wound size after subcutane-
ous bacterial inoculation in a guinea pig model was associated with its administra-
tion during surgery or few hours after wound closing. By delaying the administration
of antibiotics by only 3 or 4 hours, the resulting lesions were identical in size to those
of animals not receiving antibiotic prophylaxis. Afterwards, this concept was con-
firmed in a large study including surgical procedures performed in 2847 patients [6].
Patients receiving antibiotics between 24 h and 2 h before surgery or 3 h after finish-
ing surgery had an infection rate over 3 %. The lower infection rate (0.6 %) was
observed among those patients who received the antibiotic just prior to the interven-
tion. Once the precise moment for the administration was established, many other
studies were conducted to identify the best antibiotic for different types of surgery
and its optimal duration. The information from these studies could be summarized
as follows: 1) the antibiotic chosen should cover the main contaminant flora present
in the skin or mucosa disrupted by incision, 2) it is necessary to achieve high antibi-
otic concentrations during surgery, therefore, the best moment for antibiotic infusion
is 15- 30 minutes by intravenous route before starting surgery and 3) the administra-
tion of one preoperative dose of antibiotic is probably sufficient. The third point is
still controversial and many international guidelines maintain an antibiotic prophy-
laxis during 24 h after surgery. Since contamination occurs in the majority of cases
while the wound is open, it is reasonable to conclude that a preoperative dose is the
most effective which is supported by a large clinical trial [6].

Risk Factors and Scores to Predict the Risk for Surgical Site Infection

Several factors have been associated to a high risk of surgical site infection (SSI). The
most important are those related to the level of bacterial contamination and the host
capacity to eradicate these microorganisms (Fig. 1). The level of bacterial contamina-
tion basically depends on the type of surgery following the traditional wound classifi-
cation which stratifies wounds into: clean, clean-contaminated, contaminated and
dirty. Quantitatively, it has been shown that if a surgical site is contaminated with
> 10° microorganisms per gram of tissue, the risk of SSI is markedly increased [19].
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Fig. 1. Predicting factors of surgical site infection (type of surgery is classified according to the
level of bacterial contamination in clean, clean-contaminated, contaminated and dirty).

For clean surgery (i.e. arthroplasty), the bacterial load into the wound depends on: 1)
the correct application of barrier measures to avoid the contamination from the skin
of patients and surgeons (skin decontamination, gloves or masks), the environment
(laminar airflow, reducing the number of persons in the operating theatre) and the
surgical material (sterilization), 2) the duration of surgery, and 3) the virulence of the
microorganism. On the other hand, the bacterial load is balanced by the general and
local host immune system. Chronic systemic illnesses, such as diabetes mellitus have
been clearly associated with high SSI rates. However, the precise mechanisms for
explaining these observations are still being investigated. For example, glucose level
[21], subcutaneous oxygen tension [14] or low body temperature [20] during and
after surgery have been implicated as a risk factors for SSI. All these factors have dem-
onstrated, in vitro, a deleterious effect on the activity of polymorphonuclear leucocy-
tes essential for killing contaminating bacteria. But probably many other factors pre-
viously associated to SSI such as pain, poor nutritional status, obesity or old age, also
impair the local immune system. In order to control all these parameters the collabo-
ration from all staff members involved in surgery and post-surgery is necessary.
The Centre for Disease Control developed a risk index that helps the surgeons to
predict the risk of SSI [22]. This includes three variables: 1) the classification of oper-

Table 1. The American Society of Anaesthesiologists physical status classification

Class Physical status Example
I A completely healthy patient A fit patient with an inguinal hernia
I A patient with mild systemic disease Essential hypertension, mild diabetes

without end organ damage

111 A patient with severe systemic disease Angina, moderate to severe COPD
that is not incapacitating

v A patient with incapacitating disease that ~ Advanced COPD, cardiac failure
is a constant threat to life

\% A moribund patient who is not expected Ruptured aortic aneurysm, massive
to live 24 hours with or without surgery pulmonary embolism

E Emergency case
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Table 2. NNIS

. . ASA score of 3, 4, or 5 1 point
(National Nosocomial . . .
. : Contaminated or dirty procedure 1 point
Infection Surveillance . .
1. Length of procedure > T hours 1 point
system) risk index 3 .
Use of laparoscope Minus 1 point

* T hours = 75th percentile duration of specific procedure.

Table 3. Surgical site

infections in hip and Type of Duration  Infection rates for NNIS risk index
iniections In up an arthroplasty (75" per- 0 1 2
knee arthroplasty by e
NNIS risk index
category. Hip 2 0.89 1.53 2.38
Knee 2 0.85 1.28 2.21
Table.4. Major patho- Pathogen Infection percent*
gens in deep surgical
wound infections after Gram positive cocci
arthroplasty. S, GiDs 50
Coagulase-negative staphylococci 14
E. faecalis 3
Gram negative rods
E. coli 15
Other Enterobacteriaceae sp 8
P. aeruginosa 8
* from Hospital Clinic Negative cultures )

of Barcelona

ative wounds by level of bacterial contamination (clean, clean-contaminated, con-
taminated or dirty) 2) the duration of surgery and 3) the American Society of Anaes-
thesiologists physical status classification as a marker of the immune status of the
patient (Table 1). The index to assess the individual risk of developing surgical wound
infection is shown in Table 2 and the surgical site infection rate reported by NNIS for
hip and knee arthroplasty in Table 3.

In orthopaedic surgery Staphylococcus aureus is the most common pathogen
(Table 4) and the most difficult to treat [4]. The available data on the role of being a
nasal carrier is summarized in the next section.

Role of Nasal Carriage of S. aureus in the Development
of Surgical Site Infection

S. aureus colonizes the anterior nares of humans and cross-sectional studies yield a
prevalence of approximately 30 % of nasal carriers in the general population, who
some of them are persistent and some intermittent carriers [18]. Carriage of S. aureus
has been identified as a risk factor for the development of infections in surgical
patients (general, orthopaedic and thoracic surgery). Kalmeijer et al [17] found that
persons who did not have nasal carriage compared to those carriers who underwent
orthopaedic surgery, had a relative risk of 8.9 for developing a SSI in the univariate
analysis (95 % CI, 1.7-45.5) and in the multivariate analysis it was an independent
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risk factor associated with SSI due to S. aureus. These findings led to the hypothesis
that nasal decolonisation before surgery could reduce the incidence of infection rate
by S. aureus. Kalmeijer et al [16] randomized 614 patients to receive mupirocin or a
placebo the day before surgery. In this study, mupirocin nasal ointment did not sig-
nificantly reduce the global SSI rate (3.8 % in the mupirocin group and 4.7 % in the
placebo group) or SSI by S. aureus (mupirocin group, 1.6 % versus placebo, 2.7 %).
However, molecular typing of S. aureus from nasal mucosa and wound infection dem-
onstrated that endogenous S. aureus infection (when nasal and wound strains were
identical) was 5 times less likely in the mupirocin group than in the placebo (RR 0.19,
95% CI 0.02-1.62, p>0.05), suggesting that mupirocin could prevent endogenous
infections. In another clinical trial involving general surgery [26] and with a similar
design (randomized and doble-blind), the authors observed a significant decrease in
nosocomial infections due to S. aureus, however the SSI rate was similar in the mupi-
rocin group and the placebo probably due to the unexpected low number of SSI
caused by endogenous S. aureus in both arms. In conclusion, the information avail-
able demonstrates that nasal colonization with S. aureus is an important risk factor
for developing a SSI due to this microorganism and probably decolonisation of
selected patients would be an effective preventing measure. In the future it would be
necessary to define the candidates and to investigate new regimens for decolonisation
since the resistance to mupirocin is increasing.

Particular Concepts on Antimicrobial Prophylaxis in Orthopaedic Surgery

Generally, orthopaedic and trauma surgery consists in the implantation of foreign
materials such as prosthesis, plates or nails. It is well recognized from animal models,
that the bacterial load necessary to cause infections, when an implant is present,
could be reduced 10,000-fold in comparison to those without foreign bodies (i.e., 100
staphylococci per gram of tissue introduced on silk sutures) [9]. This fact is associ-
ated with the impairment of fagocyte function on the inert surfaces and the ability of
microorganisms to grow forming complex community embedded in a polysaccharide
matrix called biofilm which is characterized by a high resistance to fagocytosis and
antibiotics. As a consequence, the infection on an orthopaedic implant is particularly
harmful since it requires several interventions, prolonged hospitalisation and antibi-
otic treatment for weeks or months [30].

Another characteristic of orthopaedic surgery with foreign body implantation is
that the infections may be diagnosed months or even years after the surgery.
Although the pathogenesis of early infections (those diagnosed during the first 3
months after surgery) is well understood, this is not the case of delayed infections
(after the first 3 months). In early infections the contamination takes place, in the
majority of cases, while the wound is open and the most frequent source of the micro-
organisms is the patient’s endogenous flora. However, other factors like contami-
nated surgical instruments, skin, mucous or clothing from operating room staff have
all been implicated as potential sources. Hours or days after surgery the wound is
immersed in the complex process of healing and during this period, the blood flow
could be in contact with the wound and foreign material implanted, for this reason it
could be possible that bacteremia due to any microorganism seeding in this place;
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however, the hematogenous source has rarely been documented [2]. It is not well
defined for how long the orthopaedic implant is exposed to blood flow and therefore
at a high risk to be colonized during an episode of bacteremia. This is an important
question in order to better understand the pathogenesis of delayed infections and to
advise antimicrobial prophylaxis prior to dental, genitourinary or gastrointestinal
invasive procedures. The American Academy of Orthopaedic Surgeons and the
American Dental Association analysed the frequency of prosthetic joint infections
related to a previous dental procedure and found an increased risk among patients
with coexisting immuno compromised status (such as diabetes mellitus) and during
the first 2 years after surgery. As a result, they recommend antibiotic prophylaxis only
for these patients [7].

The pathogenesis of delayed infections is still unclear. It is difficult to establish if
these infections result from intraoperative bacterial seeding on the prosthetic device
followed by a prolonged dormancy or from a true postoperative bacteremia. Carlsson
et al [5] in a randomized, prospective, controlled study of antibiotic prophylaxis in
hip arthroplasty, demonstrated that deep wound infections that developed over 2.5
years after surgery, were more likely to have occurred among placebo versus cloxacil-
lin recipients (13.7 % versus 3.3 % respectively, p<0.05). In addition, other authors
observed a decrease in the incidence rate of late infections when prostheses were
cemented with an antibiotic [9]. These data strongly suggest that bacteria inoculated
into the wound at the time of surgery may lie dormant (forming biofilms on the inert
surface of foreign material) for years being responsible for late infections. The fact
that the most frequent microorganism isolated in delayed infections is coagulase-
negative staphylococci also supports this hypothesis. This data confers even more
importance to the investigation on pathophysiology, prevention and surveillance of
surgical wound infection. In the next section the experience in our hospital during
the 1980’s and early 90’s about prophylaxis in orthopaedic surgery will be discussed.

Previous Experience in Prevention of Infection in Orthopaedic Surgery

Several randomized and double blind studies were conducted in our hospital from
1982 to 1990. The patients included in the consecutive studies were patients who
needed an internal fixation due to a femoral neck fracture. In the first study [13], pro-
phylaxis with cefamandol 1 g every 8 h (a second generation cephalosporin with 0.8 h
of half-life) was compared to a placebo. The infection rate was statistically signifi-
cantly lower in the cefamandol group (p < 0.05). The second study [12], compared
cefamandol 2 g preoperatively, 2g at 2h postoperative and 1g at 8h, 14h and 20h
postoperative to only one dose of 2 g preoperatively. None of the patients assigned to
the first regimen and 6.6 % of those in the mono-dose regimen had an infection
(p =0.03). Since in the multiple doses arm the second dose of cefamandol was admin-
istered 2 h after the initiation of surgery and the half-life of this antibiotic is only 0.8 h,
our results suggest that the maintenance of high plasmatic levels during surgery is
associated to a better efficacy. In order to demonstrate this hypothesis, we compared
the efficacy of one preoperative dose of 2 g of cefonicid, a second-generation cephalo-
sporin with a half-life of 4 h, with multiple doses of cefamandol [11]. In this case there
were also no differences in the infection rate between groups were found. Since the
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most frequently recommended antibiotic in orthopaedic surgery is cefazolin (half-life
of 1.7 h), 2 doses of cefazolin 30’ preoperative and 2 h postoperative were compared
with multiple doses of cefamandol and no differences were observed between both
regimens (Lozano ML, Garcia S, Gatell JM et al. Prophylaxis in clean orthopaedic sur-
gery requiring implantable devices, New Orleans: 36" ICAAC 1996). Our studies sup-
port the importance of maintaining a high antibiotic concentration during surgery.
This objective is achievable by administrating: 1) two doses of a first or second-gener-
ation cephalosporin with short half-life at intervals no longer than 2-fold the half-life
of the antibiotic or 2) one dose when the half-life of the antibiotic is over 4 h.

During the last years, the incidence of methicillin-resistant staphylococci in
wound infections is on the increase. This raises the question about the need of modi-
fying the prophylaxis from cephalosporins to glycopeptides. The following section
deals with a recently study conducted in our hospital on this subject.

Prevention of Methicillin-resistant S. aureus (MRSA) Infection

During the last 15 years the prevalence of methicillin-resistant S. aureus (MRSA)
infections in orthopaedic surgery has increased [28]. One important factor that may
explain this finding in the developed world is the increasing number of patients
admitted to the hospitals colonized or infected by MRSA. In fact, since 2002 the num-
ber of patients colonized by MRSA admitted from the community has increased and
now they represent about 40 % of the total MRSA isolates in our hospital. Since nasal
colonization with S. aureus is a well-recognized independent risk factor for develop-
ing a surgical-site infection (SSI), the increase of SSI by MRSA among patients oper-
ated for femoral neck fracture is not surprising because this population has a high
risk to be colonized by MRSA (most of them are living in a nursing home or had been
previously hospitalized). In order to control these endogenous infections, one of the
preventive measures is the use of a glycopeptide in prophylaxis. Periti et al [24],
reviewed the articles published comparing teicoplanin versus cephalosporins as pro-
phylaxis in orthopaedic surgery and they showed that both regimens were equally
effective. However, the prevalence of MRSA in the studied populations was low. The
objective of our study was to evaluate the impact of adding 600 mg of teicoplanin to
cefuroxim during induction of anaesthesia on the prevalence of MRSA infections in
a population with a previously documented high prevalence of infections due to
MRSA [29].

The global and MRSA infection rates in internal fixation for femoral fracture in
our hospital during 2002 were 5.07 % and 2.73 %, respectively, using cefuroxim as
antibiotic prophylaxis. Pulse-field gel electrophoresis demonstrated that there was no
clonal relationship among MRSA strains and no nasal carriers of MRSA were
detected among health workers. During the following year, 600 mg of teicoplanin
were added to cefuroxim and infused at anaesthetic induction. The global and MRSA
infection rates were significantly lower during the second period than those in the
first period, 2.36 % (p = 0.04) and 0.19 % (p = 0.002), respectively. The selection of
high dose teicoplanin was based on a previous experience in cardiac surgery where
400 mg of teicoplanin showed lower efficacy than cloxacillin plus tobramycin in pre-
vention of Gram-positive infections. The explanation for these findings could be
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related to the high protein binding showed by teicoplanin (> 90 %) since only the free
fraction of an antibiotic is microbiologically active and it could be surpassed using
high doses. On the other hand, we consider that it is necessary to maintain cephalo-
sporin in order to prevent infections due to Gram-negative bacilli (GNB). In fact,
reviewing the microbiological aetiology in those clinical trials, those patients receiv-
ing teicoplanin had a higher percentage of GNB infections than those receiving ceph-
alosporins. In conclusion, our study suggests that teicoplanin and cefuroxim is an
effective prophylactic regimen for those patients who undergo surgical treatment of
a femoral neck fracture and who may be at high risk of developing a post-operative
MRSA wound infection.

The Impact of a Tourniquet in the Efficacy of Antimicrobial Prophylaxis
in Orthopaedic Surgery

Since the major bacterial contamination occurs while the wound is open, the most
important factor associated with the efficacy of antimicrobial prophylaxis is the pres-
ence of a high antibiotic concentration in the tissues and blood bathing the wound
during the whole surgery period (Fig. 1). As mentioned earlier, it is possible to
achieve this objective infusing an antibiotic with a short half-life during the induction
of anaesthesia if the duration of surgery is less than 2 hours. This is the case of the
majority of orthopaedic procedures and it explains the well-documented efficacy of
cefazolin or cefuroxim [25]. However, when the surgery is performed under ischemia
(i.e. total knee arthroplasty) the antibiotic is administered before inflating the tourni-
quet. The precise timing for infusing the antibiotic was established by several authors
[10, 15] that measured the antibiotic concentration in bone and fat during total knee
arthroplasty after administering the antibiotic at different intervals before inflating
the tourniquet. The conclusion was that infusing the antibiotic 10 minutes before
inflating the tourniquet the concentration in bone and fat was over the minimal
inhibitory concentration of cephalosporins for the main pathogens. However, in spite
of applying these precautions some authors have observed a higher infection rate in
knee arthroplasty than in hip arthroplasty. Furthermore, two pilot studies that com-
pared the outcome of knee arthroplasty performed with or without tourniquet or
early release of tourniquet, observed a lower rate of infectious complications in the
arm operated without tourniquet or with early release of it [1, 3]. A possible explana-
tion is that the haematoma formed around the prosthesis should contain a high anti-
biotic concentration to kill the contaminant microorganisms. In the case of knee
arthroplasty, the blood reaches the wound and form haematomas after the tourniquet
release. This means a delay of about 60 to 80 minutes from the infusion of the antibi-
otic to the moment of tourniquet release (10-30 minutes before tourniquet plus
approximately 50 minutes of ischemia, data from personal experience in 900 knee
arthroplasties performed in our hospital). Therefore, if we use an antibiotic with a
half-life of 1h at the moment of tourniquet release the blood bathing the wound will
have a low antibiotic concentration. Richardson et al [27], measured the concentra-
tion of cephamandole (a cephalosporin with 0.8h of half-life) in serum and drain
fluid to determine the benefit of an intravenous dose of antibiotic at the time of tour-
niquet deflation in 32 knee replacement operations. The most important findings
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were: 1) the concentration of cephamandole in drain fluid was directly proportional
to the serum concentration at the time of tourniquet release and 2) the addition of a
‘tourniquet-release’ dose of antibiotic increased concentration of drain fluid three-
fold. Therefore, in the future it is necessary to design clinical trials to investigate the
best moment for antibiotic administration in knee arthroplasty.
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Introduction

Infection rate following implatation of an orthopedic device has continuously
decreased during the last 50 years [4] but, since the numbers of trauma and aged
patients requiring joint replacement is steadily increasing, the absolute number of
patients with device-associated infection is raising [10]. The infection rate should not
exceed 1% in patients with primary hip replacement and 2% in those with knee
replacement [6, 7, 14]. However, the real overall risk per patient-life is unknown,
since in most case series only the first 2 years after implantation are considered.

Main

During the past decade considerable progress has been made in the treatment of
orthopaedic implant-associated infections [11, 19]. The goal of treating infection
associated to a prosthetized joint is a pain-free, functional joint. This can best be
achieved by infection eradication. Various therapies have been used, including surgi-
cal removal of all infected tissue and the implant, and a combination of debridement
with implant retention and long-term antimicrobial therapy that is active against bio-
film microrganisms. In North America, debridement with device retention and one-
stage exchange (in which the infected prosthesis is removed and a new one implanted
in the same procedure) is performed less frequently than in Europe, and the interval
between resection and reimplantation of the prosthesis, two-stage exchange, is gener-
ally longer (typically six weeks) [8, 18].

In addition, long-term therapy with suppressive oral antimicrobial agents is com-
monly used in North America; in Europe, this treatment is reserved mainly for
patients in whom surgery is contraindicated [17].

The proposed standard procedure is a two-stage exchange with meticulous
removal of all foreign material (device and bone cement) combined with a finite
course of antimicrobial treatment. Alternatively, lifelong suppressive oral antimicro-
bial treatment without surgical intervention is suggested. The traditional two-stage
exchange is fastidious, time-consuming and the functional result may be suboptimal
due to delayed re-implatation of the prosthesis. Alternatively, long-term suppressive
antimicrobial therapy without exchange usually controls clinical manifestation of the
infection, but does not eradicate infection [15]. The ultimate goal of a successful ther-
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apy, namely the eradication of infection associated with a pain-free functional joint,
can only be accomplished with a combination of both surgical and antimicrobial
treatment.

In prosthesis-associated infection, standard antimicrobial-susceptibility tests can-
not used to reliably predict the outcome [2, 20, 22]. Ideally, the antimicrobial agent
should have bactericidal activity against surface-adhering, slow-growing, and bio-
film-producing microrganism [20, 22]. Really, the optimal antimicrobial therapy is
well defined in staphylococcal orthopaedic implant-associated infections. This ther-
apy includes rifampicin in susceptible pathogens [23]. Rifampin has excellent activity
in slow-growing and adherent staphylococci but it must always be combined with a
drug of a different class to prevent emergence of resistance in staphylococci. Quinolo-
nes are excellent combination drugs because of their good bioavailability, activity
and safety. Newer quinolones such as moxifloxacin and levofloxacin have better in
vitro activity against quinolone-susceptible staphylococci compared to ciprofloxacin
or ofloxacin. However, when administered alone levofloxacin was shown to be unable
to eliminate adherent staphylococci “in vitro” or “in vivo” [12]. In contrast to older
quinolones, no controlled clinical trials of quinolones in implant-associated infection
with a sufficient follow-up period have been conducted. Moreover, possible interac-
tion of newer quinolones with rifampicin have not yet been systematically assessed.
In addition, safety data for long-term therapy with moxifloxacin are not available. For
levofloxacin long-term experience is only available by extrapolating from the ofloxa-
cin experience and from studies in patients with mycobacterial infection [5, 21].
Because of increasing resistance to quinolones, other anti-staphylococcal drugs have
been combined with rifampicin. Rifampin combinations with minocycline or cotri-
moxazole may have higher success rates, but sufficient clinical data are lacking. High-
dose oral cotrimoxazole was used in the treatment of infected implants in 39 patients
with an overall success rate of 67 %, though removal of unstable components was con-
ducted within 3 to 9 months of treatment [16]. Increasing antimicrobial resistance of
staphylococci prompted the search for new antibiotics or novel combinations.

Recently, in a retrospective study of linezolid in 20 patients with prosthetic joint
infections (MRSA 14 strains, methicillin-resistant coagulase-negative, 5 strains and
Enterococcus spp., 1 strain) who either refused further surgical intervention or in

Table 1. Treatment of staphylococcal infection of orthopaedic devices in animal models: role of
rifampin +/- quinolone +/- glycopeptide

Therapy % Failure Comment
Rifampin >80 development of resistance
Quinolone >80 development of resistance
Quinolone + Rifampicin 0-60 idem !!!
Glycopeptide + Quinolone + Rifampicin <10 no resistance ?

From

1. Tobin EH (1999) Prosthetic joint infections: controversies and clues. Lancet 353(9155):
770-771.

2. Widmer AF, Frei R, Rajacic Z et al (1990) Correlation between in vivo and in vitro efficacy of
antimicrobial agents against foreign body infections. J Infect Dis 162(1):96-102.

3. Rissing JP (1997) Antimicrobial therapy for chronic osteomyelitis in adults: role of the quino-
lones. Clin Infect Dis 25(6):1327 - 1333.
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whom surgical removal was not feasible, reported a cure rate of 80 % [1]. The overall
duration of treatment was 7.2 +/- 2 weeks (range 6 - 10 weeks), linezolid was well tol-
erated and no drug-related event leading to discontinuation of treatment were
recorded [1]. There are no data on cotrimoxazole and linezolid in combination with
rifampicin.

Penicillin-susceptible streptococcal prosthetic joint infections have been success-
fully treated, with prosthetic retention, using intravenous penicillin or ceftriaxone,
followed by oral amoxicillin- rifampin [9].

Few data are available on the treatment of gram-negative bacilli. In vitro studies
and in animal model showed that ciprofloxacin had better efficacy against gram neg-
ative bacilli than did beta-lactam [22]. For P. aeruginosa infected prostheses, two-
stage exchange remains the treatment of choice, altough in a recent study using a
combination of ceftazidime and ciprofloxacin, reported a cure in four of five patients
without implant removal [15].

Antibiotic therapy alone for long-term suppression is a reasonable option for
patients in whom surgery is contraindicated for different reasons or who refuse fur-
ther procedures. Its goal is to reduce the clinical manifestations rather than eradicat-
ing the infection, and preserving joint function. The prerequisites for long term sup-
pressive antimicrobial therapy are: stability of the prosthesis, relatively avirulent
pathogen sensitivity to an orally well absorbed antibiotic, absence of systemic infec-
tion, good tolerability of oral antibiotic therapy and compliance of the patient. There
are no guidelines regarding the duration of this approach [13]. The suppressive
approach is not without risk, the main being the emergence of secondary resistance,
the extension of the localised septic process to adjacent tissue possibly heading to sys-
temic infection, and the potential side-effects of long term antibiotic therapy.

Conclusion

Antibiotic therapy has a important role in the treatment of device related infection
but there are some considerations regarding its limits. These including emergence of
resistence, possible toxicity and infection due to Clostridium difficile. Other limits
may be due to patient and the socio-economic condition compliance to tratment.

There is no single approach that is the best. Stability of the prosthesis, duration of
the symptoms, pathogen detection and its antibiotic susceptibility to oral antimicro-
bial agents with activity against surface-adhering microrganisms, condition of soft
tissues, patient preference and health status need to be considered in selecting the
approach to therapy.

Large-scale multicentre trials are still necessary to determine the influence of the
multiple variables involved in arthroplasty infections.
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Introduction

The use of some form of cement as an alternative to direct mechanical fixation (press-
fit, screws etc) dates back to the earliest period of joint replacement surgery. The first
void-filling agent to be tried by Gluck in 1890 was a combination of plaster, pumice
and resin. At this time there were no antibiotics, and the experiments failed for this
and other obvious reasons [13]. When methyl methacrylate as a bone cement was
made popular in the field of implant fixation in the 1960’s, antibiotics were available
and the first documented use of antibiotic loaded bone cement occurred within this
decade [4].

From the start of the joint replacement era, gentamicin and other agents belonging
to the aminoglycoside group, which has heat resistance as a major characteristic,
dominated the market. However, many other agents have been used, and in recent
years there has been an upsurge in the attention given to several of the many heat
resistant antibiotics avaiable, mainly as a result of increased presence of gentamycin
resistant bacteria [17].

Over the years, many combinations of cement and antibiotic have also been used
in the treatment of manifest infection. however, this review only covers prophylactic
use of bone cement/antibiotic.

In this field, the main points of controversy have been:

® The efficacy of antibiotic loaded cement in preventing implant infection

® The risk of allergic reaction to the antibiotic agent

® The risk of alterations in the mechanical properties of bone cement caused by
the antibiotic additive

® The risk of toxic reaction to the antibiotic agent

® The risk of altered resistance patterns of different bacteria caused by extensive
use of antibiotic additives in routine joint replacement surgery, and

® The risk of the presence of antibiotics influencing assessment of infection in the
patient.
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Available Documentation
Experimental

There are large volumes of documentation available, relating to the antibiotic release
properties, the influence (or lack of influence) of antibiotic agents on the mechanical
properties of different bone cements as well as the in vitro antimicrobial effects of dif-
ferent combinations of bone cement and antibiotic agent.

Antibiotic Release Properties

These properties vary between different combinations of cement and antibiotic
agent. The period of described elution of significant amounts of antibiotics has usu-
ally been in the range from 7 to 14 days, but considerably higher values have also been
suggested [2, 4, 9, 16, 18, 21]

Mechanical Properties

The results generally support the view that the mechanical properties of bone cement
are not significantly altered by up to 4-5 % by volume of an antibiotic additive. This
corresponds to the range where antibiotic additives for prophylactic use are normally
kept, and there seems to be relative consensus that influence on mechanical proper-
ties is not a problem with these amounts of antibiotic [7, 14].

Antimicrobial Efficacy

In vitro studies have shown inhibition of bacterial growth by antibiotic loaded cement
[3, 17], but also increased presence of strains resistant to the used antibiotic [20].

Clinical

Efficacy

1. RCT evidence
Few RCT studies have been performed where different cements and/or antibiotic
prophylaxis regimens have been compared. Chiu et al have shown in two studies,
one on otherwise healthy patients, the other on diabetic patients, that there was a
significant reduction in the incidence of infection when an antibiotic was added to
the cement [5, 6]. In another study antibiotic loaded cement was also found to be
efficient in reducing the risk of infection in the early postoperative period [12].

2. Epidemiological evidence

Most of the national registers of implant surgery have addressed the issues of pro-
phylactic antibiotics. The most commonly quoted publication today comes from
the Norwegian national register [8] and shows that antibiotics administered sys-
temically and locally as an additive to the cement have cumulative effect on the
risk of revision for septic loosening. Data from the Swedish national hip register
have also shown a decreased incidence of septic loosening of hip implants with the
use of antibiotic loaded cement [15].
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Excluding the few studies that have shown no difference in joint infection inci-
dence, the difference in the rate of deep infection between cement containing antibi-
otic and not containing antibiotic has varied between 1:2 and 1:4 [5, 6, 8, 12, 15]. A
very rough estimate of the corresponding cost difference at the time of primary sur-
gery (assuming a cost of USD 30,000 for a two-stage procedure and not including
other costs) would yield USD 200 -400. The cost for the antibiotic additive is approxi-
mately USD 40.

Safety

1. Influence on mechanical properties of the bone cement
There are few clinical studies of the influence of antibiotics on the mechanical
properties of cement. Studies using radiostereometric analysis have supported the
experimental finding that the addition of antibiotics in prophylactic amounts does
not significantly alter the mechanical properties of bone cement [1]

2. Toxic effects
The most commonly used agent, gentamicin, was known at the time that it was
first used as an adjunct in bone cement to show a large variation in uptake when
administered systemically. The amounts used in bone cement are large, but clini-
cal studies have not shown risks of toxic reactions even in the presence of renal
impairment [10].

3. Hypersensitivity
Hypersensitivity is much less common for aminoglycosides than for -lactam
antibiotics, which are less commonly used in cement. As with the metals contained
in joint implants, final proof that there is no risk of hypersensitivity at all is lack-
ing.

4. Influence on bacterial resistance patterns and clinical decision making
Influence of antibiotic additives on bacterial resistance patterns can mainly be
expected in situations where the release rate of the antibiotic gives lower concen-
trations than the MIC value. This has been seen as related to the increased inci-
dence of gentamicin resistance in particularly coagulase-negative staphylococci
(CNS) [11].

5. Clinical decision making
A further possible problem relates to clinical decision making. It has been shown
that the antibiotic contained in old cement mantles may influence the reliability of
cultures taken from the joint by aspiration [9] as well as during revision surgery
[19].

Discussion

There is wide consensus that the addition of antibiotics to bone cement reduces the
risk of septic loosening, although there is a possibility that this correlation is much
stronger in patients with an increased risk of infection due to risk factors such as dia-
betes. Toxicity is according to most investigators not a problem. There are now sev-
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eral studies conclusively showing that the quality of the cement mantle is not signifi-
cantly impaired by the addition of antibiotic in the amounts used for prophylactic
purposes.

The main concerns voiced against the routine use of prophylactic antibiotic addi-
tives in bone cement relate to the risk of hypersensitivity and the risk of adverse influ-
ence on bacterial patterns of resistance to antibiotics. While the latter is a real and
important concern, it seems unlikely that the use of antibiotics as additives to bone
cement should constitute a more serious risk for future multi-resistance patterns in
bacteria. Hypersensitivity to antibiotics may be a more serious concern, particularly
as the spectrum of agents used widens. A single case of serious allergic reaction to an
antibiotic agent may overthrow the gains from a decade of persistent use of all means
available to reduce the infection rate after total joint reaction. It is also important to
consider the presence of antibiotics in the cement mantle of patients with joint
implants when evaluating aspirate and tissue cultures.
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Introduction

This presentation will focus on two subjects: a) does the slow release of antibiotics
from bone cement have a particular antibiotic resistant promoting effect, and b) does
the use of local antibiotics in orthopaedic surgery have any allergic or toxic side
effects.

The Emergence of Resistant Bacterial Strains and Biofilm Formation

The amount of antibiotics eluted from antibiotic-impregnated bone cement shows a
high early release with exponential decay, both in vitro and in vivo [2, 17, 18, 22, 24, 31].
Studies of antibiotic release from different combinations of bone cement and antibiot-
ics have reported on antibiotic concentration in drainage fluid from the hip joint, with
peak values (mean) ranging from 25- 118 mg/L of gentamicin and 9 - 43 mg/L of tobra-
mycin [4-6, 9, 20, 23, 37, 38, 49, 50]. After the initial phase of exponential decay, bone
cement elutes small amounts of antibiotic for many years in vitro and in vivo [44, 49],
and gentamicin has been recovered in urine two years postoperatively [44].

There is an increasing concern regarding the decreasing effectiveness of antibiot-
ics [19]. Bacterial genes coding for resistance against most antibiotics occur naturally
[8, 41], and the widespread use and misuse of antibiotics have selected antibiotic
resistant bacterial strains. In vitro studies have demonstrated the development of
aminoglycoside-resistant strains of Staphylococcus aureus and Staphylococcus epider-
midis on the surface of different types of bone cement containing gentamicin, tobra-
mycin and vancomycin [16, 28, 45, 46]. In vivo, resistant strains of S. epidermidis
developed both on cement containing gentamicin and on cement with no antibiotics,
but at a significantly higher rate in the gentamicin group. The author of the study con-
cluded that “Antibiotic-impregnated cement provides an excellent environment for the
development of resistant strains of Staphylococcus epidermidis” [40]. The emergence
of gentamicin-resistant Small Colony Variant form of bacteria has also been associ-
ated with the use of antibiotic-containing bone cement [27, 47].

Probably as a result of billions of years of adaptation, and as a strategy for bacterial
survival, more than 90 % of all bacteria adhere, colonize and form biofilm on all types
of surfaces. It is a thousand times more difficult for the body’s natural defense or anti-
microbial therapy to eradicate bacteria that have established themselves in a biofilm.
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Fig. 1. A picture of live
bacteria (green stain),
embedded in a biofilm
on gentamicin con-
taining bone cement
(Copyright: Daniélle
Neut)

The use of biomaterials, including orthopaedic implants in general and bone cement in
particular, entails the risk of biofilm formation on their surfaces [25, 43]. I vitro, bone
cement containing gentamicin does not inhibit biofilm formation [27, 46] (Fig. 1).

The slow release of antibiotics from bone cement has been considered as a poten-
tial risk for the emergence of antibiotic resistant bacterial strains. Previously, in vitro
studies have shown reduced adherence of bacteria to surfaces when exposed to sub-
inhibitory concentrations of different antibiotics [21, 36]. However, there is increas-
ing evidence for a specific effect of antibiotics used in low concentrations, and that
this effect is distinct from their inhibitory effect [11]. Beta-lactams in sub-inhibitory
concentrations stimulate the expression of virulence-associated genes in S. aureus
[29], and sub-inhibitory concentrations of aminoglycosides, ciprofloxacin, tetracy-
cline and erythromycin promote bacterial adherence and biofilm formation, in vitro
[3, 13, 34]. In an in vitro model simulating the clinical situation with high gentamicin
concentration in the interfacial gap, sensitive strains of S. aureus, S. epidermidis and
Pseudomonas aeruginosa did not adhere to the cement [12]. The same result was
observed when antibiotic-containing bone cement eluted for three weeks in saline
was employed. To my knowledge, there are no in vivo studies that have properly
addressed the possible emergence of resistant bacterial strains as resulting from pro-
longed slow release of antibiotics from bone cement.

Very few clinical studies have focused on the clinical relevance of the above men-
tioned in vitro and in vivo studies. Hope [15] reviewed 91 patients with an infected
cemented prosthesis. A preliminary biopsy confirmed the diagnosis of deep infection
in all cases. Joint fluid and peri-prosthetic tissue samples were obtained using a can-
nula. The number of biopsies taken is not mentioned in the paper. The biopsies and
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joint fluid were inoculated immediately in broth and incubated for 12 days. Peri-oper-
ative biopsies were also taken and cultured. The result of these cultures is not men-
tioned in the report. In 52 patients infected with gentamicin-sensitive S. epidermidis,
four of them had previously been operated with the use of gentamicin-containing
bone cement. In contrast, of the 39 patients infected with gentamicin-resistant S. epi-
dermidis, 30 of them had previously received bone cement containing gentamicin. In
another report the antibiotic susceptibility of 49 bacterial isolates recovered from
revised hip prosthesis was studied [42]. A high number of gentamicin-resistant bacte-
ria were isolated. Although the exact number is not mentioned, the authors state that
virtually all the removed implants had been fixed with gentamicin-impregnated bone
cement. There was no control group in this study. Furthermore, 19 of 28 isolates
recovered from the surface of gentamicin-loaded PMMA beads were considered gen-
tamicin-resistant [26]. In 12 out of 18 patients, bacterial growth occurred only after
extensive laboratory procedure including aerobically and anaerobically incubation
for seven days. Finally, in a study on staphylococcal isolates recovered from patients
with hip and knee prosthetic infection, 41 (66 %) of 93 isolates (93 patients) were
resistant to gentamicin and tobramycin [1]. Previous exposure to aminoglycoside-
impregnated bone cement did not correlate with resistance to gentamicin or tobra-
mycin. However, in only 40 (43 %) of the patients, the previous use of either plain or
antibiotic-containing bone cement was ascertainable.

In conclusion, molecular mechanism coding for increased antibiotic resistance
and biofilm formation due to sub-inhibitory antibiotic concentrations are becoming
more evident. To what extent this is a problem related to the use of local antibiotics in
orthopaedic surgery has to be proven, by preference in an experimental in vivo
model. Every department of orthopaedic surgery should survey the resistance profile
of different bacterial strains cultured from infected orthopaedic implants in general,
and infected prosthesis in particular.

Hypersensitivity and Toxic Side Effects

Due to the risk of hypersensitivity, the beta-lactams have been avoided as local antibi-
otic agents in orthopaedic surgery [51]. To my knowledge there are no reports on
allergic reaction when using bone cement containing gentamicin. In vitro studies
have shown that methylmethacrylate impairs several immune functions [30, 32, 33].
The clinical implication of this observation is not documented.

All aminoglycosides share the potential for renal and oto-vestibular toxicity [35].
The toxixity of aminoglycosides has been associated with persistent exposure to ele-
vated serum levels of the drug, i.e., high and prolonged trough serum values (Fig. 2).
Aminoglycosides have been administered as a once-daily dose with high peak serum
values and with no recordable toxic effects [10, 14]. There are two reports on toxic
serum levels of gentamicin when using gentamicin containing PMMA spacers and
beads or gentamicin-containing sponges [39, 48]. 12 patients with postoperatively
infected total hip arthroplasty were operated with soft tissue debridement and
implantation of gentamicin-containing sponges (520-780 mg gentamicin). Toxic
serum gentamicin levels were registered in seven patients, one to ten days after sur-
gery and a decrease in creatinine clearance observed in 10 patients [39].
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In revision prosthetic surgery impaction of cancellous bone impregnated in amino-
glycoside solution results in very high local antibiotic concentration. When 50 gram
of cancellous bone were impregnated with netilmicin, 100 mg/mL, the highest netil-
micin concentration recorded in serum was 4.0 mg/L. Neither renal nor otovestibular
toxicity was reported [52]. Furthermore, in another clinical study no nephrotoxicity
was reported when an average of three morcellized femoral heads mixed with three
grams of vancomycin was impacted in the femur and/or the acetabulum [7]. At our
institution, the current protocol for antibiotic impregnation of cancellous bone is as
follows:

Vancomycin: 1000 mg per femoral head (max 1500 mg); gentamicin: 800 mg per
femoral head (max 1200 mg); clindamycin: 1200 mg per femoral head (max 1800 mg).

To conclude, there is a limit concerning the amount of antibiotics that can be used
safely locally. Caution should be taken when using aminoglycoside-containing vehi-
cles with an elution profile of very high early release, such as collagen sponge and
cancellous bone. A particular precaution should be taken in patients with impaired
renal function.
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Introduction

The main aim of treating joint prosthesis infections is to eradicate the infection in
order to obtain a functional and non-painful joint. Generally, infections are eradi-
cated with a combined surgical and pharmacological treatment, removing the for-
eign body and prescribing an appropriate antibiotic therapy.

In managing post-prosthetic infections the main treatment options include
debridement without removal of the prosthesis, one-stage or two-stage replacement
of the prosthesis, permanent removal of the implant, arthrodesis and finally a sole
long-term antibiotic therapy.

Main

The sole long-term antibiotic therapy (named suppressive therapy), without the
combined surgical intervention in the implant site, is able to control the clinical
symptoms but it rarely eradicates the infection. Indeed, in most patients clinical
symptoms of infection reoccur after the suspension of the antibiotic therapy [12].

Suppressive antibiotic therapy is considered when the surgical treatment is not
advised. This occurs for example if the patient has an intolerance to anaesthesia, if the
removal of the prosthesis is technically too difficult, if there is a high morbidity or
there are unacceptable risks for the patient or surgeon, if there is no need for the pros-
thesis to be functional (i.e. the patient is confined to bed or is very old), if the patient
refuses the operation, if there are difficulties in removing non-mobile and well-
placed prostheses and when the infection is not very virulent and is sensitive to the
oral antibiotic therapy [10, 12, 15].

In general, the suppressive antibiotic therapy should be ideally conducted with
antibiotics that have a bactericidal action, an antimicrobic activity spectrum against
microorganisms that adhere to surfaces, a slow growth and produce biofilm. How-
ever, for infections associated to joint prostheses, standard antimicrobial sensitivity
tests cannot be used to predict the result in a reliable way [16].

From an etiological point of view, post-prosthetic infections are mainly caused by
staphylococci (45-55 %), particularly S. aureus (33-43 %) and coagulase-negative
staphylococci (17-21 %). However, other microorganisms can be involved such as
streptococci (11-12 %) and more rarely Gram-negative bacteria (5-14 %), entero-
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cocci and anaerobes. In 5-13 % of cases mixed flora is found, while in 5 % of infec-
tions no microorganism is isolated [6, 7].

From a pathogenic point of view, the bacterial situation (due to their chronic
characteristics and the difficulty of eradication with antibiotic therapies) are similar
to typical diseases caused by the local biofilm production. In the biofilm, germs
become capable of producing great quantities of polysaccharide polymers (glicoca-
lyx). They reproduce into microcolonies at a very low speed and are aware of their
density, triggering off (at very high concentration levels) a synthesis of various viru-
lent factors. For this reason, biofilm is a survival mechanism with which microbes
are able to resist the host’s internal and external environmental factors, such as anti-
biotic agents and the immunity system. Due to these physiological situations, which
are very different from those that dominate bacterial multiplication in biological lig-
uids and in culture media, sensitivity to antibiotics is very limited thus creating
some inconsistencies between the antibiogram data and the real in vivo situation [3].

In studies performed on animal infection models in which prosthetic infection
was caused by S. epidermidis it was analysed the efficacy of different antibiotics. It was
noted that fluoroquinolones monotherapy (like Ciprofloxacin) has a low efficacy, but
this rises to 90% if combined with rifampicin. It was also noted that during high-dose
monotherapy, rifampicin has a high efficacy. Good results were also obtained by the
combination of daptomycin and netilmicin, as opposed to daptomycin monotherapy.
Poor results were, instead, achieved using glycopeptide monotherapy: however, if
vancomycin is combined with netilmicin it becomes more effective [13].

Therefore, among the antibiotics indicated for implant-releated staphylococcal
infections, rifampicin not only has a good bioavailability and an excellent anti-staph-
ylococcal activity but it also has an excellent penetration of soft tissues, bone,
abscesses and polymorphonucleates. It also succeeds in eradicating organisms that
adhere to prosthetic surfaces during a steady growth stage. However, the use of rifam-
picin is limited both by the rapid development of resistance (therefore it must always
be combined with another antibiotic) and by patients’ poor tolerability to the antibi-
otic’s toxic effects (such as nausea, hepatic disorder) and to the various other phar-
maceutical interactions [4].

Last generation fluoroquinolones (such as moxifloxacin and levofloxacin) that
have recently been introduced in clinical practice present lower MICs in vitro than
ciprofloxacin in the presence of Gram-positive microorganisms. However, data
regarding their penetration and efficacy in bone infections are still not available. Fur-
thermore, the resistance of nosocomial staphylococci to quinolones has dramatically
increased. At the moment, 90% of nosocomial methicillin-resistant S. aureus (MRSA)
are also resistant to quinolones [4, 12].

Clinical studies show that the use of rifampicin and fluoroquinolones as a mono-
therapy cure orthopaedic implant infections associated to staphylococci, but most of
the treatments fail due to the emergence of antibiotic-resistant isolates. The associa-
tion of fluoroquinolones and rifampicin is a highly effective in eradicating implant-
associated staphylococci and in preventing the emergence of ciprofloxacin-resistant
starins. This association has also the advantage of an excellent oral bioavailability of
both active principles, which reach serum concentrations comparable to those
obtained during intravenous therapy. High levels of intracellular penetration and
activity against intracellular staphylococci are also obtained [2, 17].
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Fusidic acid is another oral antibiotic used in association with rifampicin, even
though It is less effective against oxacillin-resistant and quinolones-resistant staphy-
lococci, but reaches high intracellular concentrations. Bactericidal concentrations
have also been obtained in bone infections. However, if used as a monotherapy it rap-
idly selects resistant bacteria. On the other hand, as shown by in vitro studies, the
association of fusidic acid and rifampicin seems to prevent the selection of staphylo-
cocci resistant to other antibiotics [5].

In case of outpatient treatment of prosthetic infections caused by multi-resistant
staphylococci and susceptible only to cotrimoxazole and glycopeptides, high doses of
cotrimoxazole were used (trimethoprim 20 mg/Kg/day, sulphamethoxazole 100 mg/Kg/
day), obtaining an overall success rate of 66.7% (26 patients out of 39): in knee prosthesis
infections the percentage was 62.5 %; in hip prosthesis infections 50 %; 60.7% of patients
were treated only with suppressive antibiotic therapy without implant removal. How-
ever, home oral treatment with cotrimoxazole is limited to the occurrence of side effects,
such as rashes, vomit, diarrhoea, anaemia, thrombocytopenia and neutropenia [11].

Minocycline is another antimicrobial agent that can be used for the treatment of
post-prosthetic infections. However, at the moment data regarding the use of this
drug in implant-related infections are not available in literature.

Glycopeptides (vancomycin and teicoplanin) are the first choice antibiotics
against MRSA. Vancomycin has an antibacterial activity against Gram-positive
microorganisms lower than beta-lactam drugs. Furthermore, studies suggest that the
administration of vancomycin by continuous i.v. infusion may be more efficient than
by intermittent mode. Finally, its use is limited due higher association with nephro-
toxicity, lack of oral formulas and cannot be given by bolus injection: all this discour-
ages its use in suppressive therapy. Teicoplanin, instead, has a long half-life that
enables its once-a-day administration, with the possibility of discharging the patient
from hospital while continuing the parenteral antibiotic therapy at home, with high
doses (12 mg/Kg/day). However, its use is limited by the occurrence of toxic effects
such as thrombocytopenia, neutropenia, rash and fever [4, 12].

As a consequence of the above considerations, in empirical suppressive therapies
of post-prosthetic infections, the association of rifampicin with a fluoroquinolone, or
with fusidic acid, or with cotrimoxazole, or a monotherapy with fluoroquinolone
could be an optimal solution. The possibility of a monotherapy with cotrimoxazole or
minocycline has also been suggested [12].

Conclusion

In conclusion, new antibiotics that could reveal to be effective in the suppressive ther-
apy of these infections are currently being studied. These are quinupristin-dalfopris-
tin, linezolid, daptomycin, tigecycline, dalbavancin, RW]J-416457 (a new oxazolidi-
none), BP-102 (a new carbapenemic) and new by-products of rifampicin (ABI-0043,
ABI-0363, ABI-0699) [1, 12].

Instead, as far as regards infections caused by Gram-negative microorganisms,
very few studies are available in literature. Some trials conducted on animal models
and in vitro have shown that ciprofloxacin is more effective against Gram-negative
bacilli with respect to other antibiotics [14].
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Finally, the optimal duration of suppressive antibiotic therapies in joint prosthesis
infections is still not known [8]. Long-term oral therapy can cause benefits to old-
aged patients, where a surgical therapy is not recommended [9, 10]. Important crite-
ria to decide the suppressive therapy must be entrusted to clinical judgement, taking
into consideration risk factors, microbiological isolations, drug tolerability, clinical
conditions and preferences.

References

1. Bassetti M, Vitale F, Melica G et al (2005) Linezolid in the treatment of Gram-positive pros-
thetic joint infections. ] Antimicrob Chemother 55(3):387 -390
2. Bernard L, Hoffmeyer P, Assal M et al (2004) Trends in the treatment of orthopaedic pros-
thetic infections.] Antimicrob Chemother 53(2):127-129. Review
3. Costerton JW, Stewart PS, Greenberg EP (1999) Bacterial biofilms: a common cause of persis-
tent infections. Science 284(5418):1318 -1322. Review
4. Darley ES, MacGowan AP (2004) Antibiotic treatment of gram-positive bone and joint infec-
tions. ] Antimicrob Chemother 53(6):928 -935. Review
5. Drancourt M, Stein A, Argenson JN et al (1997) Oral treatment of Staphylococcus spp.
infected orthopaedic implants with fusidic acid or ofloxacin in combination with rifampicin.
] Antimicrob Chemother 39(2):235 - 240
6. Giulieri SG, Graber P, Ochsner PE et al (2004) Management of infection associated with total
hip arthroplasty according to a treatment algorithm. Infection 32(4):222-228
7. Laffer RR, Graber P, Ochsner PE et al (2006) Outcome of prosthetic knee-associated infec-
tion: evaluation of 40 consecutive episodes at a single centre. Clin Microbiol Infect 12(5):
433-439
8. Marculescu CE, Berbari EF, Hanssen AD et al (2006) Outcome of prosthetic joint infections
treated with debridement and retention of components. Clin Infect Dis 42(4):471-478
9. Pavoni GL, Giannella M, Falcone M et al (2004) Conservative medical therapy of prosthetic
joint infections: retrospective analysis of an 8-year experience.Clin Microbiol Infect. 2004
Sep;10(9):831-837
10. Segreti J, Nelson JA, Trenholme GM (1998) Prolonged suppressive antibiotic therapy for
infected orthopedic prostheses. Clin Infect Dis 27(4):711-713
11. Stein A, Bataille JE, Drancourt M et al (1998) Ambulatory treatment of multidrug-resistant
Staphylococcus-infected orthopedic implants with high-dose oral co-trimoxazole (trimeth-
oprim-sulfamethoxazole). Antimicrob Agents Chemother 42(12):3086 - 3091
12. Trampuz A, Zimmerli W (2006) Antimicrobial agents in orthopaedic surgery: Prophylaxis
and treatment. Drugs 66(8):1089-1105
13. Widmer AF, Frei R, Rajacic Z et al (1990) Correlation between in vivo and in vitro efficacy of
antimicrobial agents against foreign body infections. J Infect Dis 162(1):96 - 102
14. Widmer AF, Wiestner A, Frei R et al (1991) Killing of nongrowing and adherent Escherichia
coli determines drug efficacy in device-related infections. Antimicrob Agents Chemother
35(4):741 - 746
15. Zimmerli W, Ochsner PE (2003) Management of infection associated with prosthetic joints.
Infection 31(2):99-108. Review
16. Zimmerli W, Trampuz A, Ochsner PE (2004) Prosthetic-joint infections. N Engl ] Med
351(16):1645-1654
17. Zimmerli W, Widmer AF, Blatter M et al (1998) Role of rifampin for treatment of orthopedic
implant-related staphylococcal infections: a randomized controlled trial. Foreign-Body
Infection (FBI) Study Group JAMA 279(19):1537 - 1541



Basic Research and Local Antibiotic
Therapy



PMMA as Drug Delivery System and in vivo 10
Release from Spacers

E. BERTAZZONI MINELLI, A. BENINI

Department of Medicine and Public Health, Pharmacology Section, University of Verona

Introduction

Infection is the most serious complication following orthopaedic surgery. The fre-
quency is low, but when present is difficult to treat. Systemic drug administration
may not provide inhibitory concentration for a prolonged period, and this is further
worsened by the decreased blood supply. The local delivery of antibiotics to the surgi-
cal area may may contribute to reduce the infection frequency and the risk of recolo-
nization [16].

In primary prosthetic implants the adequate perioperative antibiotic prophylaxis
along with adoption of proper measures of antisepsis seems to be sufficient to contain
the risk of infections [10, 19]. 10 % of surgeons utilise antibiotic loaded PMMA in pri-
mary hip- or knee- prostheses, increasing to 70 % in the revision surgery in which the
risk of septic complications is noticeably increased [10].

The most frequent isolates in orthopaedic surgical infections are Gram-positive
cocci. However methicillin-resistant (MRS) and coagulase-negative (CNS) staphylo-
cocci are becoming more frequent [35]. In delayed infections (onset 2 to 12 months
after prosthesis replacement, according to Cohen classification [10]) CNS and other
skin commensals are present and in late infections (onset 12 months after prosthesis
replacement) gram-negative and anaerobic bacteria are also isolated [10]. The failure
risks are much higher with some “difficult” type of bacteria such as P. aeruginosa,
S. aureus (methicillin-resistant), S. epidermidis and enterococci. Infection com-
mences with adhesion of bacteria to host tissues or prostheses. Biofilm formation,
morphological and metabolic modifications (micrococci colonies), combined with
reduced host responses in the vicinity of biomaterials, resulting in an active infection
around an implant. Organisms within biofilm are difficult to eradicate and will not
respond to host defences and antibiotic treatment alone. Removal of the implant,
aggressive debridement, local and systemic administration of antibiotics are required
[2, 36].

The rationale choice of antimicrobial drugs for local delivery system must take
into account the following points: i- microbiological data (micro-organism and its
antibiotic susceptibility); ii- bactericidal, wide-spectrum activity of drug; iii- com-
patibility with cement and other carriers and heat-stability; iv- effects on carrier
mechanical resistance, and v- the capacity of elution of the drug from the carrier; vi-
drug half-life; vii- capacity of inducing hypersensitivity and adverse drug reactions;
and finally, viii- antimicrobial activity at the site of infection.
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Drug Delivery Systems

The use of bone antibiotic-containing cements (non-degradable polymethylmethac-
rylate - PMMA -, beads, spacers) and biodegradable systems is increasing and is an
adjunct to current therapy (i.e. surgical debridement and systemic antimicrobial
therapy) [19].

Biodegradable carriers loaded with different antibiotics are under investigation
and are currently being used in some countries, i.e. collagen-gelatin sponge, hydroxy-
apatite, polymers-polylactide/polyglycolide and polylactate implants- and bioceram-
ics, cancellous bone, calcium phosphate bone substitutes, etc [20].

All the above systems may release antibiotics at concentrations exceeding the MIC
for the most common pathogens of prosthetic infections with limited release in sys-
temic circulation and without adverse effects.

The biodegradable or reabsorbable systems can release high local drug concentra-
tions, do not require surgical removal, but may interfere with biological systems and
show different interactions with bacteria. The duration of release of antibiotic is
dependent on the characteristics of drug carrier.

Two points are essential for the clinical application and satisfactory outcome:

a) Antimicrobial drug pharmacodynamics (on site drug concentration, wide spec-
trum of activity microorganism susceptibility - or resistance -, tolerability, stabil-
ity to heat, pH, organic fluids, and presence of necrosis, foreign bodies, etc.).

b) Cement intrinsic characteristics and capacity to release drug (porosity, surface
extension, initial drug concentration, thermostability, good capacity to mix with
powder);

Moreover, the drug delivery system should not interfere negatively with bone and tis-
sues.

Bone cement mainly consists of PMMA, because of its excellent biocompatibility
and ease of manipulation.

Antimicrobial Drugs

Aminoglycosides (gentamicin, tobramycin, arbekacin) are considered to be the anti-
biotics of choice, because of their wide-spectrum antimicrobial activity, excellent
water solubility, chemical and thermal stability, biocompatibility, low allergenicity
and low development of resistance during therapy.

However, due to emerging antibiotic resistance there is now a renewed interest for
the addition of other antibiotics (vancomycin, clindamycin, fusidic acid, daptomycin,
oxazolidinones, fluoroquinolones, peptides, etc.) to drug delivery systems [15, 28].
Vancomycin exhibits positive physico-chemical characteristics similar to those of
aminoglycosides, with some limitation regarding the difficulty of polymerization of
cement when used in high doses and shorter period of release [9]. Other antibiotics
have also been used as additive to PMMA without satisfactory characteristics in vivo.
Combinations of antibiotics are also added to bone cements.

The mixing of antibiotics with cement should consider the compatibility of drugs.
In Table 1 are summarised the properties of different antibiotics in PMMA. Amino-
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Table 1. Comparative properties of antibiotics in PMMA cement utilised in prosthetic surgery

Properties Amino-  Vanco- Betalac-  Fluoro- Rifam- Clinda-
glycosides mycin tams  quinolones picin  mycin
Delivery +++ +/++ + ++ ? 0 +
Half-life ++ ++ + + n.d. +
Antimicrobial activity + + + + + + + 0% +
-cidal -cidal  -cidal -cidal -cidal  -static
Spectrum of activity wide narrow  wide wide Narrow  narrow
Hypersensitivity _ _ + + + + ? ?
ADR _ _ S " ? ?
Cement Compatibility ++ + + + ? -—- +
Mechanical resistance ++ +2 + ? --- +?

+++ = very good properties; ++ = good properties; + = sufficient properties; * = insufficient
properties; — negative; ? = Controversial or insufficient data; * = Because of no release
ADR = Adverse Drug Reactions

glycosides and vancomycin show good positive characteristics: antimicrobial activ-
ity, adequate release, compatibility and mechanical resistance, excellent tolerability.
The release of other antibiotics such as betalactams (penicillins, cephalosporins, imi-
penem) is rapid, elevated but limited overtime (48 hours), while rifampicin shows
incompatibility with acrylic cement (PMMA) and loss of antimicrobial effect (our
personal data [19]). For this purpose, some negative features should be considered,
i.e. short half-life, allergenic capacity, and reduced mechanical resistance of cement
(beta-lactam agents) or problems with cement incorporation (liquid preparations of
gentamicin and clindamycin) or potential negative effects on muscle-skeletal system
(fluoroquinolones) [18].

Modifications in antibiotic release should be considered according to bone cement
utilised or the combination of two antibiotics, i.e. gentamicin and clindamycin or
fusidic acid [28].

Antibiotics utilized for systemic administration are not all useful for drug delivery
systems.

PMMA cements impregnated with aminoglycosides and/or vancomycin are cur-
rently utilised as local antibiotic carrier in orthopaedic surgical-site infection to treat
prosthetic infections (hip, knee, shoulder, etc) [19].

Several experimental models in vitro and in vivo (animal) models have been devel-
oped to better understand the release kinetics of different antibiotics from cement
and to optimise their use in clinical practice.

Release Kinetics of Drugs from PMMA
The release kinetics from PMMA is similar for different antimicrobial drugs tested.

Aminoglycosides and vancomycin elution shows a biphasic (bimodal) profile, con-
sisting of an initial high rapid release of drug followed by a much slower but sustained
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release. The release of gentamicin and vancomycin is prompt (the maximal drug
release from beads occurs within few days) and at inhibitory concentrations which
are maintained for 4 - 6 weeks [23, 27]. The bone cement PMMA seems a good carrier
material for the protracted release of antibiotic drug by diffusion at the site of infec-
tion. Gentamicin and vancomycin are still released from explanted spacers after 3-6
months of implantation; the duration of release is variable [1, 3]. A good inhibitory
activity of removed spacers was recorded in vitro for two weeks [21]. The release may
be maintained for prolonged periods at inhibitory levels in different preparations.
The PMMA cement seems maintain release and kinetics properties similar before
and after removal. There is little information on long-term release of antibiotics from
impregnated bone cement. Furthermore, gentamicin could still be found in tissue
surroundings the implant for over five-ten years. This was though to confer long-term
protection against haematogenous infections [39]. Gentamicin was detected in joint
fluids of patients up to 10 - 20 years following primary hip or knee arthroplasty, using
gentamicin-impregnated cement. Concentrations ranged from 0.06 mg/1 to 0.85 mg/1
(13/25 patients), while only 1 patient showed infection. Data show that gentamicin is
present at significant concentrations and in active form inside the cement for a num-
ber of years [13, 31].

Variability of Antibiotic Release

This well-known profile of drugs release kinetics from PMMA may present great vari-
ability in terms of drug amounts eluted and modality of elution. There is a great vari-
ability in bone cement composition (different components), preparations modalities
-i.e. under vacuum or not, hand-made or industrial products-, viscosity and techni-
cal characteristics among different brands, different concentrations of antibiotic.
Industrial preparations (bone cement, beads and spacers) are considered superior to
hand-made preparations because of uniform mixing and standardized procedures
[19, 24, 28, 34]. All these factors contribute to variability in drug release and the com-
parison of data and interpretation of data is very difficult.

Initial drug concentration, cement surface area and porosity are important factors
in determining the amount of drug released from beads and spacers [37]. Different
mechanisms such as diffusion from cement, surface area and/or cracks and voids in
the polymer matrix and bulk porosity are involved in antibiotic release from cement
[32]. The release mechanisms are poorly defined and difficult to control. The topic is
still debated. The amount of released antibiotic is directly related to cement porosity
[37]; the antibiotic release rate of an antibiotic-loaded calcium phosphate bone
cement almost tripled on increasing the porosity from 38 % to 69 % [6].

The amount of antibiotic released from cement is different among similar bone
cements (gentamicin diffuses from Palacos in larger amounts and for longer period
than from Simplex and CMV) [19, 27, 28, 30]. The size is other factor of variability.
Beads and mini-beads can release high initial concentrations of gentamicin, but
larger beads can maintain a sustained release for more prolonged period in compari-
son to mini-beads [23, 29].

In our experience, we observed a large variation in gentamicin release from differ-
ent spacers in vitro (Fig. 1). The amounts of gentamicin released from spacers pro-
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Fig. 1. Release (mg) of gentamicin from different hip spacers produced with PMMA cements utili-
sed in different countries. Values of gentamicin release from 24 to 240 hours are extrapolated as
mg/day of elution. (Microbiological method).

duced in France and in Argentina are lower than those released from spacers pro-
duced in Italy (Spacer-G & Spacer-K - Tecres Spa, Italy) in spite of higher content of
drug. Spacers may present different release according to porosity: spacer HP can
release levels of gentamicin (mg 33.9) higher than those of previous models (SP,
mgl6.9). Moreover, the kinetics of gentamicin release is very different in the first 24
hours of elution: two spacers release in vitro very low amounts of drug (1.0 mg and 1.8
mg from Argentina and France products, respectively) after 1 and 4 hours of elution,
increasing adequately after 24 hours of elution. This kinetics profile is quite different
from that described for aminoglycosides from PMMA cement characterised by a
peak release in the first 4 hours of elution. The low initial release of antibiotic can con-
tribute to unsatisfactory antimicrobial effect and risk of selection of resistant bacte-
ria. A high release of antibiotic in the first hours of implant should be considered an
important factor in order to reduce the risk of selection of resistant bacteria and bio-
film production.

Gentamicin-loaded PMMA constitutes an effective drug delivery system for local
antibiotic therapy in bone and soft-tissue infections, and gentamicin concentrations
at the site of infection can exceed the MIC for the infecting organisms.

Clinical results report similar rate of eradication of infection for beads and spac-
ers. The comparison of beads (70 patients) versus spacers (58 patients) showed that,
the rate of eradication of infection was similar between the groups, with an overall
rate of 95.3 % [17]. However, the spacer provided higher hip scores, a reduced hospi-
tal stay and enhanced functions between stages. The clinical use of spacers in the hip
and knee to help eradicate deep infections is increasing [33, 34].
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Concentrations and Antimicrobial Activity of Gentamicin and Vancomycin
in vivo at the Site of Infection

The release of aminoglycosides and vancomycin from PMMA cement at site of infec-
tion seems prompt and effective, presenting high local concentrations above the sus-
ceptibility of bacteria and low systemic levels. High intersubject variability was
observed, depending on other additional factors such as fluid presence and output,
drainage, vascularization, inflammation, repair tissue, and limb mobilisation [7, 8].
Vancomycin release seems more difficult and shorter than that of gentamicin requir-
ing higher drug concentration in cement [7, 9].

Results exhibit high variability among different preparations and assays rendering
it difficult to compare data [4, 10].

Combining two antibiotics in bone cement is a common clinical practice, because
of increase in gentamicin resistance among bacterial strains responsible for ortho-
paedic infection. Vancomycin concentrations in drainage fluid following local
administration are higher than those obtained with systemic administration and are
superimposable to gentamicin release kinetics. The aminoglycosides and vancomy-
cin in combination show synergistic antimicrobial activity [14, 22].

The use of antibiotic in combination requires additional studies. In vitro stud-
ies showed a reduced release of vancomycin when mixed with gentamicin [5],
therefore vancomycin was utilized on the surface of spacer with gentamicin al-
lowing adequate inhibitory concentrations of antibiotics. This activity was main-
tained also after removal in the majority of spacers [21]. The superficial appli-
cation of vancomycin seems to favour high concentrations of antibiotic at the
site of infection and allows to optimise the antimicrobial drugs selection according
to micro-organisms susceptibility and clinical requirements, and “last minute”
application maintaining an adequate capacity of antibiotic release from cement.
Nonetheless, the preparation of cement in operating room presents the described
limitations, i.e unknown mechanical performances and unpredictable antibiotic
release.

Antimicrobial Activity at the Site of Infection

In addition to the amount of drug released, another point to be considered in the final
drug profile evaluation for an adequate orthopaedic infection treatment is the anti-
microbial activity of antibiotics at the site of implant, i.e. in the presence of foreign
bodies, fibrin, necrosis, fluids secretion, cellular component (PMNs - granulocytes),
different pH, blood perfusion, tissues conditions, and oxygen concentration. pH may
modify the antimicrobial activity of some antibiotics.

The gentamicin and vancomycin concentrations achieved at the site of infections
are far above the MICs for most common pathogens in orthopaedic infections, in
spite of the low percentage of release; systemic levels (serum, urine) are low. The risk
of adverse reactions, both local at infection site (hypersensitivity or tissue reactions)
and systemic, is very low.

However, biomaterials associated infections are an increasing problem. Major
concern is about the bone cement utilised for prostheses fixation in primary implants
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for infection prophylaxis. The long-term exposure to sub-inhibitory concentrations
of antibiotics from cements can increase the risk of resistance [13, 29].

Biofilm and micrococci are present in removed beads after 14 days, beside of high
gentamicin release [29] 18/21 patients showed gentamicin-resistant cocci, but 12/18
were free from infection (tissue samples negative). S. aureus shows different capacity
in biofilm formation and for different PMMA cements [28, 29, 38]. In two-stage revi-
sion, the implant of temporary spacers and beads with antibiotic loaded cements has
proved effective and the problem of resistance is minimal because of the implant
removal after a certain time; in addition, spacers perform both mechanical and bio-
logical (antimicrobial) objectives.

The problem of resistant bacteria, in presence of local delivery of antibiotics at
sub-inhibitory concentration or in presence of biofilm and inflammation products,
remains actually unresolved. However, initial high local concentrations of antibiotics
are bactericidal and should reduce the risk of selection of resistant bacteria.

Routine prophylactic use of antibiotic loaded cement remains a subject of contro-
versy and should be restricted to at risk patients. However, the efficiency of gentami-
cin-loaded cement in THA along with systemic antimicrobial therapy is confirmed,
but the risk of selecting bacteria needs to be considered [11, 12].

In vivo Release from Spacers

There is little data available in the literature on antibiotic release in vivo [4, 7, 14,
21] at the time of prosthesis implantation as well as after removal. Moreover
the high variability in results make the comparison of studies difficult. Another
question is related to the evaluation of the effective concentrations and antimicro-
bial inhibitory activity of antibiotics in the infection site and the duration of the
effect.

We determined the concentrations of antibiotics at the prosthetic site after tempo-
rary spacer implantation in two-stage revision for infected arthroplasty (hip and
knee) and evaluated the inhibitory activity of drainage fluids against clinical isolates
[4]. The investigation was carried out in collaboration with the Orthopaedic Clinic of
our University Hospital.

Samples from serum and fluids from drainage were collected 1, 4 and 24 hours
after implantation from ten patients undergoing two-stage revision surgery with a
temporary antibiotic loaded spacers (hip or knee, Spacer-G and Spacer-K, respec-
tively) and treated according to microbiological data.

Currently, the use of spacers is combined with systemic therapy for prosthetic
infections treatment. Vancomycin was given intravenously (1 g, bid) or locally in
PMMA cement (2.5-5 %).

Antibiotic concentrations were determined by fluorescence polarisation immuno-
assay. The antimicrobial activity of gentamicin and vancomycin in drainage fluids
activity was determined as bactericidal titer [25], against multi-resistant Gram-posi-
tive cocci, P. aeruginosa and E. coli.

The results obtained in 3 representative patients are reported in Fig. 2.

The release of gentamicin from PMMA cement at site of infection seems prompt
and effective, presenting high local concentrations (range 40 - 100 mg/L) in the first
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Fig. 2. Concentrations (mg/L) of gentami-
cin and vancomycin in serum and drain-
age of patients determined 1, 24 and

48 hours after hip and knee spacers
implant. (FPIA method).

24-48 hours after spacer implant. The concentrations are largely above the suscepti-
bility of bacteria. Serum levels are low (<0.2-0.8 mg/L).

Parenteral administration of vancomycin (1 g X 2) allows good local penetration,
showing similar range of concentrations (range 15-40 mg/L) in serum and in drain-
age fluids at different sampling time (1-24 hours).

The local administration of vancomycin (2.5 %) produces high concentrations in
surgical site (18.3-45.0 mg/L) and low serum levels (<1 mg/L). Higher vancomycin
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Fig. 3. Bactericidal titer of drainage fluids collected 1, 24 and 48 hours after spacer implant in
patients against multi-resistant clinical isolates. Hip spacer (Spacer-G) and local vancomycin are
prepared as described in (3) and knee spacer (Spacer-K) is fixed with gentamicin-loaded PMMA
cement (2.5 %). The concentrations of gentamicin (G) and vancomycin (V) in drainage fluids are
reported for each patient at time of samples collection. The bactericidal titer is defined as the
highest dilution achieving 99.9 % bacterial killing (serial two-fold dilutions) and is reported
according to following score:

Score = dilution; 1 =1/2;2=1/4;3=1/8*%4=1/16;5=1/32; 6 = 1/64; 7 = 1/128; 8 = 1/256; 9 =
1/512; 10 = 1/1024

* Lowest bactericidal titer for orthopaedic infections according to (25).

Abbreviations: Ps. ae = Pseudomonas aeruginosa; E. co = Escherichia coli; S. s = Staphylococcus
Met- S; S. au = S. aureus; S. hae = S. haemolyticus (3 different strains); S. ep = S. epidermidis (2
different strains); S. h = S. hominis



88

Basic Research and Local Antibiotic Therapy

concentration (5 %) in cement increased local levels of antibiotic (90-150 mg/L) in
drains. Vancomycin concentrations in drainage fluid following local administration
are higher than those obtained with systemic administration. The release kinetics of
gentamicin and vancomycin in the site of implant is superimposable (Fig. 2), allowing
to exert an inhibitory combined effect.

The ratio of gentamicin to vancomycin concentrations in drainage fluids was 3:1
and 2:1, but high intersubject variability was observed, depending on other addi-
tional factors of the patient.

Drainage fluids showed good inhibitory activity against multi-resistant clinical
isolates (S. aureus, S. epidermidis, S. haemolyticus, E. coli, P. aeruginosa) (Fig. 2).
Drain Bactericidal Titer ranged from 1/8 to 1/64 for bacteria difficult to treat, and
from 1/128 to 1/1024 for intermediate and susceptible bacteria in samples collected 1
and 24 hours after implant.

Drugs achieved good bactericidal titer for Gram-positive and Gram-negative
pathogens with concentrations in drainage fluids above 2 mg/l and 8 mg/1 for vanco-
mycin and gentamicin, respectively. Local gentamicin alone shows inhibitory activity
against susceptible microorganisms (knee spacer, patient 4). This is an obvious con-
firmatory result.

However, the inhibitory effect of the drainage fluids shows large intersubject vari-
ability depending on microorganism susceptibility and different concentrations of
both antibiotics. We need to define if an optimal concentration ratio of gentamicin to
vancomycin is necessary.

The gentamicin and vancomycin in combination show synergistic or summatory
antimicrobial activity as defined by FIC determination in vitro (Table 2).

Treatments were well tolerated. Gentamicin-containing spacers showed satisfac-
tory clinical results at a follow-up of 5-7 years [26].

These results confirm the release characteristics of gentamicin and vancomycin
from PMMA in vivo. The spacers allow to obtain and maintain inhibitory activity for
an adequate local treatment of infection. Spacers seem an adequate system for antibi-
otic delivery in prosthetic infections in two-stage revision for infected Total Hip and
Knee Replacements (THR/TKRs). Our results are in accord with recent data [21, 33].

V. " o Table 2. In vitro activ-
ancomycin + Gentamicin . .
ity of gentamicin and

Strain FIC MIC (mg/L) vancomycin in combi-

Index nation against multi-
Vanco- Genta- . R

— micin resistant clinical iso-

Y lates. Checker-board

S. epidermidis (8/28) 1.00 A 25 R method [13].
S. haemolyticus (8/28) 1.00 A 1.25 R
* 8. haemolyticus (82/26) 1.00 A 1.25 R
S. haemolyticus (70/26) 1.00 A 1.25 R . i .
* 8. epidermidis (137/25) 0.50 A 2.5 R » Oxacillin Resistant
° S. hominis (126/26) 1.02 A 1.25 I Methicillin Resistant
S. aureus (3A10) 0.15 § 25 I {Z Resistant,
S. aureus (9A28) 0.48 S 1.25 1.25 ;IC;(I)H;‘?S“C late s
E. coli (7A27) 0.25 S 156.25 5 o1 A dg;?rgtlsm A
P. aeruginosa (4/28) 0.12 S 1250 5 = ity

FIC =2 Antagonism Ant
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Table 3. Release of gen-
tamicin and vancomy-
cin from removed
(after 3 -6 months of
implantation) spacers
after ten days of spac-
ers elution. Amounts

Spacers Gentamicin

Total pg % pg/cm?
Control 15,550 0.82 82.4
Removed 1682.0 = 530.2 0.07 £0.02 9.3 £2.9

mean *+ SD (n=6)

;";{Zdeti;méned using Gentamicin + Vancomycin
. method. Total pg % pg/cm?s
Modified from [3].
Control G 14,220 0.75 86.2
A% 24,114 16.1 146.1
s R ‘ Removed G 3889.6 = 1806.5 0.2+0.1 23.0x11.1
pacerssurlacearea ean+SD(n=14) V 3484.8 10929 23 %08 209+ 6.4

180 cm?

Conclusions

In conclusion the ideal drug delivery system with controlled release of antibiotic is
lacking as well as the ideal antibiotic. Different problems must be solved, such as sub-
inhibitory concentrations of antibiotic released from carriers, false negative cultures,
ineffective concentrations or activity at site of infection, reduced biocompatibility
and mechanical properties and drug utilisation.

Actually the PMMA cement represents the most useful, suitable and studied local
antibiotic delivery system in prosthetic infections. The use of antibiotic-containing
PMMA cement in the surgery of revision of total hip and knee arthroplasty represents
alocal antibiotic therapy supplementary to radical debridement and complementary
to systemic therapy.

The choice of the appropriate system (cement, beads, spacers, fleeces, or biode-
gradable carrier) should based on a careful evaluation of risk/benefit and cost/benefit
according to different surgical conditions and requests of patient.
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Introduction

With the increasing number of total hip (THA) and knee arthroplasties (TKA) per-
formed with expanding indications and at a younger age, there continues to be a low
risk of periprosthetic sepsis in association with these surgeries. The incidence of
infection in THA/TKA ranges for 0.3 % to 3 %. While sepsis is a rare complication, the
management from both patient and surgeon perspective are challenging, often
require a prolonged course of treatment, and may lead to complications. The diagno-
sis and management of periprosthetic sepsis has evolved with the current standard of
care and management based upon the useful classification of Gustilo et al [21, 25].
The use of antibiotic impregnated cement beads [19] and spacers as local delivery
devices to treat periprosthetic infections in either a single stage [3] or two-stage sur-
gery [12, 17, 18] has evolved and become popular over recent years. Frequently,
reports of periprosthetic sepsis do not address antibiotic spacer complications. How-

Fig. 1. Dislocation of a mobile AICS of the
knee. This patient had poor ligamentous sup-
port for an articulating cement spacer.
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ever, with increasing number of these surgeries being performed, surgeons have
reported new problems and complications [6, 8, 20, 26] (Fig. 1) associated with these
cement spacers. Determining who is at risk for complications and what factors are
controlled by the surgeon is the purpose of this chapter. In addition to technical
aspects of cement spacer surgery, there are multiple risk factors for complications
associated with antibiotic impregnated cement spacers (AICS) in infection surgery.
This includes patient risk factors, surgical risk factors, organism specific diagnosis
and treatment. In addition there are significant treatment costs in association with
cement spacer implants, patient morbidity, surgeon frustration, and further out-
comes data is necessary in order to establish the success or failure of these devices.

Classification of Periprosthetic Infection

The classification of periprosthetic infection has been defined based on the timing of
surgery and the source of infection. Infections may be classified as occurring with a
positive intraoperative culture, acute or early postoperative infection (2-4 weeks),
late chronic infections, and acute hematogenous infections. The focus of this outline
is to discuss the use of AICS for late chronic and acute hematogenous infections
requiring explantation/removal of a THA / TKA followed by insertion of an AICS.

The treatment options for acute hematogenous or late chronic infections include
irrigation and debridement with modular liner exchange if diagnosed at an early
stage (less than 2 to 4 weeks); alternatively the option of a single stage versus two-
stage reimplantation may be performed. At our institution the two-stage reimplanta-
tion procedure is favored for all non-acute infections. This involves implant removal
with a thorough irrigation and debridement of bone and soft tissues, placement of an
antibiotic impregnated cement spacer for local delivery and elution of antibiotics,
and a delayed second stage reconstruction/reimplantation. The results of two-stage
reimplantation surgery are favorable, with a 91 to 94 percent eradication rate for
infection [14, 15, 27]. At our institution these formal ‘two-stages’ are frequently insuf-
ficient. One initial irrigation debridement is often insufficient to eradicate a purulent
infection. In addition, resistant organisms often necessitate a second or third
debridement and the soft tissues may often be compromised. A repeat irrigation and
debridement, with exchange of the antibiotic spacer is often required, and is fre-
quently a planned procedure at our institution. At the final irrigation and debride-
ment procedure (typically performed over the 7 to 10 day period following the initial
explantation), a final definitive antibiotic loaded spacer is placed. In addition we fre-
quently use intramedullary (IM) cement dowels for IM canal local delivery of antibi-
otics. We have redefined the formal two-stage procedure into a six stage process as
follows:

First Stage: diagnosis of infection and removal of infected implant, I&D, and tem-
porary placement of a static non-mobile spacer with or without IM antibiotic impreg-
nated cement dowels. At this stage, if the infection is purulent and the patient is
unwell, we will perform a resection ; a planned return to the O.R. for a second I&D is
established.

Second Stage: initial postoperative infectious disease consultation with antibiotic
directed therapy is started. The patient then typically returns to the OR at 48 to 72
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hours for repeat irrigation debridement, exchange of cement spacer, possible
exchange of cement dowels. We typically consider a repeat I&D if the infection has
significant purulence, unhealthy appearing soft tissues, or a resistant bacterial or
fungal organism. At this stage, once the tissues appear healthy, the final definitive
AICS (static or mobile) is typically placed. It is at this stage that consideration for a
mobile cement spacer is decided, and that the risk factors for complications and
avoiding problems with AICS needs to be considered by the surgeon.

Third stage: Antibiotic directed intravenous therapy for a total of six weeks begins
following the last I&D. Wound management initially involves immobilization in a cast
or brace in order to allow soft tissue healing. Considerations for oral synergistic anti-
biotics such as rifampin or trimethoprim-sulfamethoxazole (Septra, Bactrim) are
considered by the infectious disease specialist in consultation. The nutritional status
and parameters of the patient are evaluated and treated.

Fourth Stage: Once the patient has completed a 6 weeks course of IV antibiotics
(outpatient), the discontinuation of antibiotics is followed by a 2 to 4 week antibiotic-
free interval. The ESR and CRP are followed and wound healing is reevaluated. The
patient is medically optimized and undergoes a joint aspiration for cell count and cul-
ture specimens in the outpatient clinic.

Fifth Stage: This is the reimplantation/revision THA/TKA procedure. Preopera-
tive planning including the necessity for extensile exposures, intraoperative cultures
and cell counts, and intraoperative frozen sections [7] are planned. The reconstruc-
tion is planned preoperatively based on underlying bone and soft tissue defects.

Sixth Stage: Following the reimplantation/revision procedure, routine clinical fol-
low-up occurs with monitoring of the ESR, CRP, and clinical observation for any
signs of recurring sepsis. We do not typically continue prolonged antibiotics follow-
ing the second stage, unless there is a concern about chronic infection that requires
chronic antibiotic suppression. This occurs in a minority of patients only (less than
10 %).

Antibiotic Cement Spacers: Treatment Goals

The treatment goals with the use of AICS, whether static or mobile, remain the same
in all cases of periprosthetic infection. The primary goal of a treatment is to eliminate
infection with the adjunctive addition of local antibiotic therapy combined with sys-
temic antibiotic treatment and surgery. The AICS are useful to stabilize or tension the
soft tissues, potentially facilitate or make the reimplantation second stage procedure
easier [1, 4, 8], and reduce bone loss [11] between stages. The maintenance of appro-
priate soft tissue tension and joint range of motion may reduce the need for more
extensile exposures at the second stage reimplantation surgery, especially during
TKA surgery [5]. Despite possible range of motion and second stage advantages, the
most important aspect of any AICS treatment therapy remains unchanged: elimina-
tion of infection and the local delivery of antibiotic therapy to supplement systemic
IV antibiotics, and a thorough surgical irrigation and debridement. With these prin-
ciples in mind, selection of an AICS plays one part in the role of eradication of peri-
prosthetic sepsis.
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Classification of Antibiotic Cement Spacers

New technologies have provided the orthopedic surgeon with several options avail-
able for surgery with the use of AICS. A classification of AICS is outlined in Table 1.
The advantages of static or simple spacers formed in the operating room include: a
simple construct which is easy for the surgeon to make, the surgeon is able to select
the antibiotic of choice directed with organism specific therapy. This simple / static
spacer may be useful for multiple I&D procedures and to allow delivery of multiple
antibiotics from one spacer. The disadvantage of a static / non-mobile spacer is that
it does not allow physiologic motion of the joint, which is of secondary importance
during infection treatment. In addition, the issue of cement generated exothermic
heat, cement shrinkage, and exposure to monomer may be of concern. Similarly,
there are complications that may occur with static antibiotic spacers.

The advantages of mobile cement spacers which are preformed include the option
of allowing an element of physiologic joint motion [9]. These spacers tend to be sim-
ple, ‘off the shelf” devices with a fixed antibiotic (and currently single antibiotic) dose.
There is evidence that mobile articulating spacers may reduce bone loss in associa-
tion with a second stage reimplantation surgery [4, 11]. There is no heat or shrinkage
that can occur with these preformed implants. The reinforced central core of this type
of implant may provide significant biomechanical advantages against catastrophic
failure or fracture of the implant. The disadvantages of mobile spacers which are pre-
formed included a limitation in implant sizes and antibiotic dose, often allowing only
a single agent delivery of antibiotic. The spacers have little to no inherit constraint
and there is a limited number of options for offset restoration with the hip implants.
The mobile spacer which is preformed also may be subject to complications with its
use.

Mobile spacers which are formed in the O.R. have their own unique advantages
and disadvantages. Advantages similar to a preformed spacer include allowing an ele-
ment of physiologic motion. The option for adjustable antibiotic dosing, a combina-
tion of antibiotics [13], and the addition of an antifungal option (amphotericin [22])
may be useful. These implants are available with or without a central reinforced core,
may allow for adjustable leg length (PROSTALAC, Depuy, Warsaw, IN, USA), and the
option for a semiconstrained articulation. Disadvantages of mobile spacers formed in
the O.R. include additional time to construct the implant in the operating room, a
limited number of sizes, and complications may similarly occur.

With the option of static preformed cement spacers, mobile preformed spacers,
and mobile spacers formed in the operating room, the surgeon and patient have a

Table 1. Classification of Antibiotic Cement Spacers

Static versus mobile/articulating

Preformed versus cement spacer formed in the operating room by the surgeon
Fixed versus variable dose antibiotic in the cement

Multi agent antibiotic versus single agent delivery

Reinforced central metallic implant core or all cement implant

Constrained, conforming, or unconstrained articulating implants

Exposed metal or polyethylene within the spacer versus non-exposed/entire cement
coated
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variety of options to treat THA / TKA infections and allow the surgeon to address
both bone and soft tissue deficiencies. However, common controversies continue to
exist among surgeons with the use of such spacers. The following questions or con-
troversies remain to be answered. Is a mobile spacer better than a static spacer? Does
the mobile spacer provide for an easier second stage revision? Can the antibiotic
impregnated spacer act as a permanent implant? Do AICS not get re-infected? Is there
toxicity to antibiotics/cement in the cement spacer? Is it safe to bear full weight on an
AICS? Often the answers to these questions pose challenging decision making
options for the surgeon and have allowed us to determine a simple classification of
AICS related complications.

Classification of Antibiotic Impregnated Hip Spacer Complications

We have developed a simple classification system to describe the complications that
occur in association with an AICS hip implant (Table 2). This simple classification
divides the complications into soft tissue or instability related complications, implant
related factors, fixation of the antibiotic cement spacer, host bone complications, and
pharmacologic toxicity.

1. Dislocation/Instability of Hip Spacers

This is the most common complication in association with a hip periprosthetic infec-
tion and antibiotic hip spacers [2, 6, 8, 10, 16]. We have identified several risk factors
that occur and may be predictive of instability/dislocation of an antibiotic cement
spacer (Table 3). Patients with a prior dislocation (Fig. 2) of a THA may be at higher
risk due to underlying soft-tissue tissue deficiencies (muscular and scar tissues). A
deficiency of the greater trochanter or abductors should caution the surgeon against
using a mobile spacer, which may increase the risk of dislocation. Patients that have
undergone multiple prior hip surgeries are specifically at risk for abductor deficiency.
It is in these elderly patients that a mobile spacer, while attractive for the surgeon,
may result in silent dislocation, with the patient on occasion, unaware that the spacer
has dislocated. Similarly, proximal femoral bone deficiency or a prior hip fracture
open reduction internal fixation may be associated with increase risk of spacer insta-
bility. Acetabular deficiency - specifically in the superior-lateral and posterior-supe-
rior region warrant caution with the use of an antibiotic spacer and are high risk for
dislocation (Fig. 3). Subsidence of a femoral spacer below the original insertion depth
decreases the leg length and offset and increases the risk of dislocation. Unrestored

Table 2. Classification of Antibiotic Impregnated Hip Spacer Complications

Dislocation/instability

Fracture of implant
Subsidence/distal migration
Periprosthethic femur fracture
Proximal femoral bone loss/erosion
Systemic Antibiotic toxicity
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Table 3. Risk factors for instability/dislocation of antibiotic hip spacers

Prior dislocation of THA

Trochanteric/abductor deficiency

Multiply operated hip

Proximal femoral deficiency

Prior hip fracture open reduction internal fixation
Acetabular deficiency: superior, lateral, posterior
Subsidence of femoral spacer

Unrestored femoral offset

Preformed spacer head diameter smaller than acetabular diameter (mismatch/
undersized head)

® Anteversion of femoral spacer inadequate

native femoral hip offset and a mismatch of the diameter of the spacer with the
patient’s acetabular diameter increase the risk of dislocation. The anteversion of the
femoral cement spacer should attempt to incorporate native host anteversion and a
lack of this may increase the risk of instability.

Solutions for avoiding instability and dislocation of hip spacers include identifica-
tion of preoperative risk factors. Intraoperative accurate match of the acetabular
diameter and spacer head diameter are crucial. Restoration of leg length may be
achieved by cementing in the cement spacer at the proximal aspect of the implant,
and, with the use of a modular head (PROSTALAC) option. Offset restoration will
help tension the compromised soft tissues. In patients with extensive proximal femo-
ral deficiency, the use of a proximal femoral cement build-up/proximal femoral
replacement type implant will avoid subsidence (Fig. 4). Finally, the use of a Girdles-
tone procedure or resection arthroplasty should be considered if the intraoperative
cement spacer is unstable. Treatment of instability is dependent on the underlying
diagnosis and reason for instability, and may include closed reduction, observation,
or revision surgery, depending on the patient factors and surgical factors leading to
instability of the spacer.

Fig. 2a. This patient underwent placement of
a mobile right hip AICS for right THA sepsis
(Spacer-G/InterSpace Hip - Exactech, Gaines-
ville, FL, USA). She has a history of recurrent
dislocation of her left THA. There is a small
superolateral acetabular defect on right hip,
which may be a risk factor for AICS disloca-
tion
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Fig. 2b. Dislocation of both the right hip AICS and the left THA

Fig. 3a. Right hip fracture with failure of
internal fixation. There is a superolateral ace-
tabular deficiency. The greater trochanter is
nonunited. This patient has right hip sepsis
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Fig. 3b. The patient underwent I&D, with
placement of a semiconstrained AICS of the
hip (PROSTALAGC, Depuy Orthopedics, War-
saw IN, USA). Note the fragmentation of the
greater trochanter and the superolateral ace-
tabular defect

Fig. 3c. At 8 weeks postoperatively, the
hip spacer was dislocated, requiring revision
surgery to remove the spacer

Fig. 4. An AICS (PROSTALAC) with proximal
femoral cement buildup was constructed. The
implant was cemented into the host femoral
canal to provide for stability against subsi-
dence and rotation
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2. Implant Fracture of Hip Spacers

The occurrence of an antibiotic impregnated hip spacer implant fracture may be
related to several risk factors (Table 4). The loss of proximal femoral bone support
may lead to a cantilever on the AICS and result in fracture of the hip spacer. This may
occur in conjunction with a loss of proximal femoral bone support or a prior
extended trochanteric femoral osteotomy. The risks increase with an implant that
lacks a central reinforced metallic core (Fig. 5). Any implant which is loose is at risk
for fracture. Preformed spacers (off the shelf) should have more homogeneous
cement characteristics and be subject to less risk of fracture than a surgeon-formed
implant in the operating room, which may have cement inconsistencies due to mix-
ing. Solutions for avoiding implant fracture include recognizing and treating for risk
factors. Cementing the spacer proximally into the femur to avoid instability and sub-
sidence is a useful technique. A long stemmed spacer is indicated to bypass defects
such as an extended trochanteric osteotomy site (Fig. 6). Similarly, use of an implant
with a central reinforced metallic core such as the Interspace / Spacer-G (Exactech,
Gainesville, FL, USA) or PROSTALAC implant provides additional implant strength.
Preformed spacers may have improved fatigue cement strength and reduce the risk of
cement heterogeneity. The treatment of hip spacer implant fractures may include
observation or revision surgery depending on both the patient and implant related
factors.

Table 4. Risk factors for hip spacer implant fracture

Loss of proximal femoral bone support

Extended Trochanteric femoral Osteotomy

Absent central reinforce core

Loose implant

Cement fatigue with surgeon constructed cement spacers

N

Fig. 5a. A mobile AICS made in the operating room from a mold
of antibiotic impregnated cement. This design (Stage One Hip
Cement Spacer Mold, Biomet Orthopedics, Warsaw, IN, USA),
does not contain a central metallic reinforced core

>

Fig. 5b. Left hip AICS for periprosthetic sepsis. The surgery
required and extended trochanteric femoral osteotomy for
removal of the septic femoral component

>

Fig. 5¢. Subsidence and fracture of the AICS implant with a loss of
reduction of the extended trochanteric osteotomy. This patient
required revision surgery of the AICS
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Fig. 6a. Left hip sepsis with Candida albicans - Fig. 6b. Left hip insertion of a PROSTALAC

preoperative radiograph prior to implant spacer. An extended trochanteric osteotomy

removal and I&D was required to remove the femoral compo-
nent. Amphotericin B antifungal powder was
added to the cement in the operating room
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3. Femoral Subsidence/Periprosthetic Femur Fracture

Risk factors for this complication include a loss of proximal femoral bone support.
Similarly, and extended trochanteric femoral osteotomy is a stress-riser and, in addi-
tion to an implant fracture risk, is also a risk for proximal femoral fracture. The use
of AICS implant which is not cemented proximally is at increased risk for femur frac-
ture. Non compliant patients that are unable to observe protected weight bearing and
that attempt bear full weight on an antibiotic spacer are at an increased risk of peri-
prosthetic femur fracture (Fig. 7). Solutions for avoiding femoral subsidence and
periprosthetic femur fracture include cementing the spacer proximally in the region
of the metaphysis and bypassing an extended trochanteric osteotomy with a long
stem spacer. Protected weight bearing is essential and both the patient and surgeon
must to have similar goals with a protected weight bearing postoperative course. The
treatment of femoral subsidence and periprosthetic femur fracture may include revi-
sion surgery, open reduction internal fixation of the fracture, and an implant to
bypass the fracture with provisional stabilization during treatment of the infection
(Fig. 8).

Fig. 7. Right hip AICS subsidence and frac-
ture. This spacer was not cemented in proxi-
mally. The patient was medically unhealthy
for further surgery, and began to walk with
full weight on her hip, resulting in spacer
subsidence and fracture of the femur



11 Antibiotic Cement Spacers in Total Hip and Total Knee Arthroplasty

103

Fig. 8a. Left femur fracture in association with a Fig. 8b. Left hip following removal of the
static antibiotic cement spacer placed for prior static spacer, open reduction and internal
periprosthetic chronic left THA sepsis fixation of the fracture, and placement of

a long-stemmed articulating cement
spacer (Spacer-G/InterSpace Hip)

4. Antibiotic Toxicity

Systemic antibiotic toxicity in association with a local antibiotic spacer delivery
implant is a rare complication [13, 17, 23]. This may occur more frequently with sur-
geon constructed spacer implants and with the addition of high doses of antibiotics to
the cement. Other risk factors for toxicity include patients with chronic renal failure.
Caution with the use of antibiotic dosing with vancomycin, aminoglycosides, and
antifungal agents with surgeon constructed spacers will help avoid this complication.
In addition, different brands of cement may have variable antibiotic elution character-
istics [24] and the surgeon should be familiar with the elution properties of the cement
used in an AICS. The treatment for suspected antibiotic toxicity involves supportive
care and following closely the renal function of the patient. Serum levels of antibiotics
may be measured to follow antibiotic toxicity. Rarely, more invasive methods such as
a renal biopsy (to diagnose acute interstitial nephritis) may be required in order to
confirm the diagnosis of this rare complication [26]. If in doubt, and in consultation
with the infectious disease and nephrology consultant, consideration for explantation/
removal of the cement spacer must be considered by the surgeon (Fig. 9). A high level
of suspicion must be considered in patients who present with deteriorating renal func-
tion in the postoperative period following insertion of a high dose AICS.
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Fig. 9a. Left TKA sepsis (multi-organism)
following a minimally invasive TKA surgery.
There is loosening of the tibial component

Fig. 9c. Following AICS removal, renal function
improved. The patient was not a candidate for
a second stage reimplantation and a resection
arthroplasty was performed
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In summary, there are several patient, surgeon, and implant factors that may help
reduce the risk of complications with AICS. The routine interval use of radiographs
to follow the patient and AICS implant may be helpful. Restoration of leg length, off-
set, and anteversion, while not the goal of spacer treatment, will help reduce the risk
of hip spacer instability. Minimizing the femoral head spacer-acetabular mismatch
reduces the risk of instability. The technique of proximally cementing in the spacer
and using longer stems to bypass defects may help reduce the risk of fracture and sub-
sidence. Proximal cement buildup on an antibiotic spacer to substitute for bone loss
will additionally prevent subsidence. Careful evaluation of acetabular bone defects
and abductor muscle quality will help the surgeon select the appropriate antibiotic
delivery device. The option of having a semi-constrained acetabular implant available
(PROSTALAC) may provide some increase in stability if bone and soft tissue deficien-
cies occur. The use of a central reinforced metallic core in the AICS hip spacer may
help reduce fatigue fracture of the implant.

Antibiotic Impregnated Knee Cement Spacers: Complications

Complications that occur in association with AICS of the knee may be classified using
asimilar classification system to that of the hip (Table 5). This section will identify the
risk factors, solutions for avoiding knee cement spacers complications, and treatment
options for each complication.

1. Dislocation/Instability

The risk factors for dislocation and instability [20] of knee cement spacers relate to
both bone and soft tissue defects encountered at the time of removal of the infected
TKA. These complications include knee instability, spacer extrusion, and anterior
soft tissue impingement of the AICS. Complications may occur with extensive tibial
and femoral bone loss, which results in large flexion and or extension gaps of the joint
space. The patient with a multiply operated knee and / or multiple incisions may be
at increase risk for cement spacer complications (Fig. 10). Similarly, ligamentous
insufficiency involving the PCL, LCL or MCL places the patient at increase risk for
spacer complications. A disruption of the extensor mechanism may lead to anterior

<

Fig. 9b. Left knee removal of
TKA and insertion of AICS plus
intramedullary dowels. The
patient developed acute renal
failure (acute interstitial nephri-
tis) postoperatively, requiring
discontinuation of IV Vancomy-
cin, and removal of the AICS

Table 5. Classification of Knee Cement Spacer Complica-
tions

¢ Dislocation/instability
¢ Implant extrusion:
- Extensor Mechanism erosion
- Neurovascular compression
- Anterior soft tissue compromise
® Overstuffing of patellar femoral or tibial femoral
joint
® Fracture of the implant
® Periprosthethic tibial or femur fracture
© Antibiotic Toxicity

<
Fig. 9d. Left knee arthrodesis
following a resection arthro-

plasty
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extrusion of an AICS. Unsupported cement spacers that have no intramedullary
extension and / or that are not cemented in place are at risk for dislocation. The non-
compliant patient that is unable to follow a structured restricted postoperative ther-
apy program is at risk for dislocation. Static cement spacers that are placed into the
knee with the leg held in full extension with axial distraction are at risk for extruding
anteriorly once the patient awakens from anesthesia and in the postoperative course,
due to gradual flexion of the knee and anterior extrusion of the spacer. Solutions for
avoiding knee instability and spacer extrusion include avoiding overstuffing the
extension gap which minimizes the chance of extrusion with postoperative knee flex-
ion. Patients with ligamentous instability should not be considered for mobile / artic-
ulating spacers and a static spacer should be implanted. The use of tibial metaphyseal
intramedullary cement support when considering a static spacer may help reduce the
risk of anterior static spacer extrusion into the soft tissues of the knee (Fig. 11). Treat-
ment of knee antibiotic cement spacer instability complications is directed by the
underlying complication and the identified risk factor(s) for this occurrence. At our
institution, we delay the range of motion in patients with knee AICS in order to allow
soft tissue healing. Prompt decompression of an extruded anterior cement spacer
with removal of the spacer should be considered due to impending erosion of the
extensor mechanism. Closed reduction and splinting may provide useful treatment
for a subluxed spacer, but is usually unsuccessful, with a high recurrence rate of insta-
bility. Revision of the cement spacer may be required if the soft tissue impingement
is significant. Careful external rotation of mobile articulating cement spacer compo-
nents will help reduce the risk of component maltracking and extensor mechanism
problems. Resection or removal of knee
spacers in patients with complications is
a useful alternative that may need to be
considered in a limited number of pa-
tients.

Fig. 10. At four weeks following AICS place-
ment, the spacer has extruded anteriorly,
with impingement and anterior soft-tissue
compromise. This complication required
return to the operating room for removal of
the AICS
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Fig. 11. The use of an adjunctive tibial meta-
physeal cement spacer extension with a cen-
trally reinforced core provides for excellent
stability with the use of a static knee cement
spacer, avoiding anterior spacer extrusion
and dislocation

2. Implant and Periprosthetic Fracture

AICS implant and periprosthetic fractures may occur either intraoperatively or post-
operatively [20]. Risk factors for implant fracture include several controllable aspects
of treatment that require careful intraoperative planning. Surgeon constructed (self
made) spacers that are hand mixed in the O.R. may be at higher risk for a fracture -
especially with a mobile spacer, due to cement heterogeneity and inconsistencies in
mixing. The use of higher antibiotic doses will lead to decreased spacer fracture
toughness and increased risk of fracture. A non congruent femoral component fit on
host femoral bone may lead to subsidence and fracture of the implant (Fig. 12). The
surgeon should avoid impacting the mobile cement spacer during cementing due to
the brittle consistency of these implants. In the patient that has a flexion contracture
following insertion of the mobile cement spacer, forced extension of the knee and
cement spacer may lead to femoral implant fracture. Non compliant patients simi-
larly are at risk of implant fracture with a knee cement spacer. Periprosthetic frac-
tures of the distal femur and proximal tibia may occur in association with loose
spacer implants, malalignment of the knee (varus or valgus deformity), notching of
the anterior femur, and extensive bone loss or poor bone quality in the region of the
spacer. Solutions for avoiding implant fracture at the knee include the use of a pre-
formed implant with more homogeneous cement consistency. Antibiotic dosing and
the effect on cement strength and fatigue is a consideration. The surgeon should aim
for a congruent femoral fit and size of the AICS on the distal femur. Avoiding impac-
tion of the implant during cementing and not attempting forced extension of a
cement spacer will help reduce implant and periprosthetic bone fracture risk. In the
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Fig. 12a. A mobile articulating articulating
spacer (Stage One Knee Cement Spacer Mold,
Biomet Orthopedics, Warsaw, IN, USA) was
constructed in the O.R. using a mold and
surgeon mixed cement

Fig. 12b. The AICS femoral implant was over-
sized and had a non-congruent fit on the distal
femur. The knee was unable to be fully extend-
ed due to over-stuffing of the extension gap

Fig. 12¢. During an attempt at improving the
flexion contracture, femoral AICS fractured

Fig. 12d. A smaller size femoral AICS was
constructed, and the articulating implants
were then cemented onto the host bone

Fig. 12e. The articulating femoral implant loos-
ened at 8 weeks postoperatively, rupturing the
extensor mechanism (quadriceps) as it dislo-

cated anteriorly. The patient required removal
of the AICS and is awaiting a knee arthrodesis
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event that there is a flexion contracture and the anterior soft tissue retinaculum is
unable to be closed, removal of the femoral mobile spacer while maintaining the tibial
spacer has been a successful option performed at our institution.

3. Overstuffing of the Tibio-femorall and Patello-femoral Joints

Overstuffing the tibio-femoral or patello-femoral joint occurs not uncommonly with
the use of antibiotic knee spacers. In patients with history of prolonged immobility
and extensive scar tissue, the AICS implant often ‘overstuffs’ one or both of these
joints. Risk factors include patients with prolonged immobilization with the knee in
extension, and the multiply operated knee with extensive scar tissue. A prior anterior
rough cut with inadequate thickness may overstuff the patello-femoral joint once the
spacer is inserted. If the patellar composite (remaining host patella) is too thick, this
will overstuff the patello-femoral joint. Similarly, if the femoral component is
extended or not seated on the distal femur, the patello-femoral joint may be compro-
mised with difficulty closing the anterior soft tissues over the cement spacer. A tibial
spacer that is too thick or over-fills the flexion and extension gap will lead to a flexion
contracture and difficulty closing the anterior soft tissues. Solutions for overstuffing
the patello-femoral and tibio-femoral joints include identifying the above risk factors
and appropriately avoiding them. Mobile spacers should be avoided if the patient has
had a prolonged history of immobilization in extension or in the multiply operated
knee. The prior anterior rough cut should be assessed intraoperatively and, if neces-
sary, lowered down to the flush anterior level of the femur by the surgeon. The patel-
lar composite thickness or remaining patella must be assessed and, if necessary, the
patella may be required to be recut to help reduce the patello-femoral gap. Ensuring
that the femoral component is well seated and that the tibial spacer is not of excessive
thickness will help reduce a knee flexion contracture and facilitate closure of the soft
tissues. Cementing the knee AICS in place with generous cement that enters the meta-
physeal region will help reduce AICS instability.

In summary, complications with knee AICS are predictable. With the identifica-
tion of risk factors and surgical technique modifications by the surgeon, most com-
plications are avoidable. With the advent of new mobile articulating knee AICS that
allow antibiotic delivery, this option has become a new alternative for maintenance of
range of motion while providing local antibiotic delivery in TKA sepsis. In order to
avoid complications with the use of these mobile cement knee spacers, certain tech-
nique highlights should be adhered to. Cementing the mobile cement spacer at the
implant-host bone interface will provide stability during range of motion and reduce
the risk of implant loosening and dislocation. Avoiding overstuffing the patello-fem-
oral and tibio-femoral joints will facilitate soft tissue closure over the spacer. Careful
attention to external rotation of the femoral and tibial components of the spacer will
facilitate extensor mechanism tracking. Observing a graduated conservative physical
therapy protocol which allows early soft tissue healing and at a later date active range
of motion will avoid soft tissue complications. Contraindications for mobile AICS of
the knee include patients that have extensive bone loss at the knee, ligamentous insta-
bility, extensor mechanism deficiency, or prior prolonged immobilization with
extensive scarring of the anterior soft tissues and extensor mechanism.
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Conclusions: Knee and Hip Antibiotic Impregnated Cement Spacer
Complications

In summary, the options for delivery of local antibiotics to the surgical site of peri-
prosthetic THA/TKA infections have provided useful adjuncts to the treatment of
periprosthetic sepsis. The gain in both high-dose local antibiotic delivery and func-
tional improvements may be of benefit to these patients. The gain in function with
mobile spacers is associated with newer patient functional achievement and higher
patient demands. Articulating spacers may provide improved range of motion and
prevent bone loss in association with a second-stage reimplantation procedure. Com-
ponent removal with surgical irrigation and debridement is still the primary treat-
ment for periprosthetic THA/TKA sepsis. In order to avoid complications with anti-
biotic cement spacers, the surgeon must carefully assess for and identify patient fac-
tors that may be associated with cement spacer problems. This includes identifying
intraoperative risk factors to reduce complications, and following conservative post-
operative therapy and weight bearing protocols in this group of patients. Preopera-
tively, predicting which patients are at risk for complications, and the early recogni-
tion and treatment of antibiotic cement spacer complications in the hip and knee will
help reduce bone and soft tissue complications which may occur with the use of these
devices.
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The Preformed Spacers: From the Idea to the
Realization of an Industrial Device

R. SOFFIATTI

Research & Development, Tecres Spa, Sommacampagna (VR), Italy

Medical Work of Art

At the beginning of the nineties visiting the operation theatres, it was possible to see
the surgeons modelling with their hands bone cement in order to obtain handmade
devices with a prosthesis-like geometry. The device was created to replace temporar-
ily the removed septic prosthesis. The positioning in the septic site of an antibiotic-
loaded bone cement device aimed at strengthening the systemic antibiotic therapy.
As a matter of fact systemic antibiotic therapy is not always able to guarantee optimal
antibiotic concentration in the infected site. After some months from implantation,
the device was removed replacing it with a new prosthesis, giving back to the patient
an healed joint and a certain functional recovery. This devices were called “spacers”
(1,7, 13, 14].

Mechanical Failure

Unfortunately in many cases it was possible to see also bad situations, determined by
the mechanical failure of the hand-made devices. If on one side breakage was a fear-
some and undesired complication, on the other side surgeons were very satisfied with
the anti-septic effectiveness of the device. In other words the “spacer “ and the sys-
temic treatment increased the probability of infection healing compared to systemic
antibiotic therapy alone.

Spacer-G

The positive results described led Tecres to start the research and study systematically
the spacers made by the surgeon in order to design a device which could be at a time
mechanically safe and pharmacologically effective: in other words a “reproducible
effective device”. A device which could also give the patient a better quality of life.
With these key features the Spacer-G was designed (Fig. 1). Its geometry was stud-
ied to permit an optimal interaction between the acetabulum and the femur: anatom-
ical stem-neck angle chosen to limit as much as possible dislocation; saddle shape
neck to limit the possible acetabular protrusion; extreme smoothness of the head to
reduce the possible generation of debris. An inner stainless steel bar (Fig. 2) was
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Fig. 1. Spacer-G, hip
spacer

Fig. 2. Inner core
present in Spacer-G

inserted to provide high mechanical strength and gentamicin was chosen as antibi-
otic due to the wide spectrum of activity and the good properties of release from
PMMA.

Mechanical and pharmacological testing confirmed the good performances of the
device which is solid and allows partial weight-bearing and releases effective amount
of antibiotic in the infected site [2, 3, 4, 5, 9]. Soon after the first positive cases, the
one-size spacer was joined by a smaller and a bigger head size, which permitted to
improve the head-acetabulum coupling and reducing dislocation. Then the long-
stem version was introduced which allowed to use the device also in the absence of a
proximal support, in the presence of large metaphyseal defects and after a trans-fem-
oral approach [12].
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Knee, Shoulder and Elbow Spacers

The clinical success of the Spacer-G lead to the design of a knee spacer, Spacer-K
(Fig. 3), with the same performances. These temporary spacer are CE marked as class
III devices and are the first device of this type to have obtained the FDA clearance
(InterSpace™ for Hip; InterSpace™ for Knee; InterSpace™ for Shoulder). On the
basis of these experiences and taking advantage of the same principles the shoulder
(Spacer-S) and the elbow spacer were designed (Figs 4-5).

Nail Clothing

The current management of infected nails has two main objectives: infection control,
which is generally achieved by hardware removal with debridement and local deliv-

Fig. 3. Spacer-K, knee
spacer

Fig. 4. Spacer-S,
shoulder spacer



12 The Preformed Spacers: From the Idea to the Realization of an Industrial Device

115

Fig. 5. Spacer-E, elbow
spacer

ery of antibiotics by antibiotic beads [8], an irrigation-perfusion technique [6], or an
antibiotic cement nail beads [11], and fracture union, which is usually accomplished
by providing alternative fixation, mostly external fixation.

The infective problems induced by endomedullar nails have also been faced with
the same principle of the local release of antibiotic bone cement-mediated. In this
case the system has been designed with a different approach: for mechanical and
dimensional reasons, the supporting internal structure is the nail itself onto which
a cement clothing is placed. Everything is assembled in the operating theatre in a
few minutes. The device (Nail Clothing) is made of industrially preformed tubular
antibiotic-loaded bone cement segments (Fig. 6a): the surgeon inserts the segments
onto the nail till to cover it all and with a special glue, fix them on the nail itself
(Fig. 6b).

Fig. 6a. Nail clothing
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Fig. 6b. Nail clothing
glued to nail

Bone Cement Elution from PMMA

The mechanism or the mechanisms of elution of antibiotic from PMMA are not so
clear yet. Therefore it is more correct to speak of experimental observations which
show the conditions which lead to an increase or the decrease in the release of antibi-
otic. Synthetically, keeping fixed solvent and temperature, the increase of the release
occurs when:

® increases the concentration of the antibiotic in PMMA;
® increases the surface at the interface cement-solvent;
® increases the permeability of the cement matrix.

Permeability = porosity + chemical/physical properties (of matrix)

A reduction in the release will occur when in the opposite situation (Fig. 7).

RELEASE

Concentration
Surface
Porosity

As an example, the preparation of bone cement under vacuum determines a reduction
in the cement porosity and therefore a reduction in the antibiotic release [10].

In addition to the above mentioned parameters, other experimental observations
show that the antibiotic (drug) molecule is able to migrate in the cement matrix even
in the absence of a solvent following a diffusion behaviour (Fig. 8). The relation which
better satisfies such experimental observations is the Fick’s equation:

I_D(c1—c2)
- X

T Fig. 7. Factors influencing the release of antibiotic from a PMMA matrix
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Gentamicin elution from PMMA

Fig. 8. Elution kinetics
of an antibiotic loaded
cement: after an elu-
tion period in saline,
the specimen is dried
and left in the open
air. A second elution
period is then started
showing an initial
release higher than
expected: the migra-
tion of the antibiotic ¥
in the PMMA matrix 0

occurs also in absence 1727345 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25
of a liquid solvent. Days

Concentration mg/L
IS o ®

N

] is the molecular flux which is directly proportional to the diffusion coefficient (D),
which depends from antibiotic, matrix and temperature; interface area (A); concen-
tration difference (C1-C2) where C1> C2, and inversely proportional to the distance
between C1 and C2 (X).

If we consider to keep C and X constant, the formula becomes:

J=DAK

Therefore if we want to increase the antibiotic release it is sufficient to increase the
diffusion coefficient D and the interface area A. This has been the route followed to
design the new spacers.

High-release Matrix for the Spacers

In 2006 the distribution of the spacers with increased antibiotic release started. The
absolute amount of antibiotic in the devices is identical, but the new spacers have an
increased release capacity. The release can be as high as 4-5 times the release of the
previous spacers. This result has been achieved in two ways: 1) the external surface,
e.g. the interface area with the biological liquids, has been increased thanks to a spe-
cial finishing which increases the interface area. Figure 9 shows the surfaces of Spac-
er-G stem before and now; 2) the bone cement matrix which includes the antibiotic is
made with a new generation of polymers which are structured in a way to increase
permeability.
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Fig. 9. Spacer-G stem:
left, old version with
smooth surface; right,
new version with
textured surface

Microscopy of the High-porosity Spacers

Before turnig into a compact and solid structure, the spacer is a powder of spheroidal
particles made of a mixture of PMMA, barium sulphate and gentamicin sulphate.
Only with a colorimetric method it is possible to discriminate the components. Fig-
ure 10 shows a group of spheroidal particles which constitutes the powder used to
manufacture the spacers. The colourless particles are PMMA, the blue ones are genta-
micin. When the liquid monomer, MMA, is added to the powder a mouldable dough
is obtained which in a few minutes gets hard and solid. In the hardened mass the
spheroidal particles of PMMA cannot be distinguished any more, but the gentamicin
ones can. Figure 11a shows the particles of gentamicin coloured in red. Actually these
spheroidal particles act as micro-reservoirs from which gentamicin flows outside the

Fig. 10. Bone cement
powder: PMMA pearls
are colourless, genta-
micin sulphate pearls
are blue
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Fig. 11. Cured genta-
micin bone cement:
areservoir with genta-
micin in red; b empty
reservoir (after con-
tact with solvent)

cement mass. Figure 11b shows the empty micro-reservoir of gentamicin after the
contact with the solvent.

Conclusions

The constant work carried out over the years has led towards an extension of the use
of bone cement in fields hardly immaginable a few years ago. Today it is possible to
manufacture with this material medical devices with different properties which can
be modulated at pleasure. Bone cement as a drug delivery system can be designed and
specific elution kinetics can be achieved.

This aspect expands the concept of cementation and if the right synergy among
specialists of different disciplines it will be possible to strengten the surgical and the-
rapeutical tools and increase the healing expectances of the patient.
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Introduction

The management of infected total hip arthroplasties is a complex issue. Depending on
patient characteristics, infecting organisms and personal opinion of the surgeon,
treatment options include antibiotic therapy, debridement of surrounding tissues,
complete removal of the implant, irrigation and re-implantation of a new prosthesis
[4, 5, 8-10, 16, 18].

The re-implantation of the prosthesis may be performed during a second surgical
session - a procedure called two-stage revision. The two-stage revision involves the
removal of the infected prosthesis and usually the implantation of a temporary hip
spacer made of antibiotic loaded polymethylmethacrylate (PMMA) [11, 12]. Once the
antibiotic therapy is completed and diagnostic analyses indicate the eradication of
the infection, the spacer is removed and a new prosthesis is implanted.

The temporary hip spacer should assure local delivery of antibiotics as well as the
preservation of the anatomical configuration of the hip joint [6, 21]. If the hip spacer can
also act as a temporary implant, prolonged immobilisation of the patient can be
avoided, reducing morbidity especially in elderly. However, in these cases the hip spacer
must withstand wear and resist loads generated during the daily activities of the patient.

This study investigated the wear and the mechanical behaviour of a preformed hip
spacer made of antibiotic loaded polymethylmethacrylate (PMMA).

Materials and Methods

A commercially available preformed hip spacer (Spacer-G - Tecres S.p.A., Verona,
Italy) was studied in the present work. Currently, no standardised procedures are
available to investigate the wear or the mechanical behaviour of preformed hip spac-
ers. Therefore, two different test protocols were designed to investigate the fatigue
strength of the entire device and the wear of the head of the device.

Fatigue Testing

Fatigue testing aims to assess the behaviour of a device under cyclic loads. Generally,
severe loading conditions are selected for these tests to evaluate the safety of the
device. For this reason in this study the device was considered a provisional hemi-
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arthroplasty for the draft of a fatigue testing protocol for hip spacers. This assump-
tion implies that the patient has no limitation in daily activities in the period between
the two surgical sessions. It has been demonstrated that about one million load cycles
is the load history that a hip prosthetic stem undergoes yearly in vivo [15]. Assuming
the duration of an in-vivo service of six months [14] the loading history of the hip
spacer could be roughly estimated as 0.5 million cycles.

On the basis of this rationale, the fatigue testing was performed following the rec-
ommendations of the international standard for assessment of fatigue strength of hip
stem (ISO 7206/4). The hip spacer was fixed distally at 80 mm from the head centre at
9° in flexion and 10° in adduction (Fig. 1). A compressive sinusoidal load (300-
2300 N) was applied at a frequency of 4Hz to the head of the spacer until failure of the
stem or up to 0.5 million cycles. The test was performed in saline solution at 37 °C.
Three test repetitions were performed on spacers with the largest head size (60 mm).

Wear Testing

Wear testing investigates the wear process of a joint in simulated working conditions.
Since the hip spacer was assumed to be a temporary hemi-arthroplasty, the wear tests
were carried out in a hip joint simulator (Shore Western manufacturing, Monrovia,
CA, U.S.A.). In this simulator the joints were assembled in a non-anatomical position
(upside-down) with the cup mounted with an inclination of 23° from the horizontal
plane (Fig. 2). A vertical sinusoidal load was applied at a frequency of 1 Hz to the joint
while a relative angular motion occured simulating patient walking. The load value
was adjusted to simulate partial or full bearing conditions. To compensate the unfa-
vourable effects of the third-body wear due to the non-anatomical position, the lubri-
cant was changed washing and cleaning also the specimen at regular intervals.

To investigate the wear behaviour of the spacer, the
head was coupled to the acetabulum of human cadaver
pelvis. The hemi-pelves was cut to allow the fixation into Cyclic load

Cyclic load
Acetabulum | Head of
| the spacer

Fig. 1. Fatigue testing set-up according to the Fig. 2. Wear testing set-up showing
recommendations of the ISO 7206/4 stan- the non-anatomical position (upside-
dard. down) of the articular joint.
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the test chambers, obtained using acrylic resin. Before testing the acetabula were
immersed in a 4 % formalin solution for two weeks and then reamed hemispherically,
leaving the subchondral bone. The size of the spacer head was selected to fit correctly
the articular surface of the pelvis. The wear tests continued for 0.2 million cycles. A
maximum load of about 1.0 kN, simulating partial weight bearing, was applied dur-
ing the first 0.1 million cycles. Then the peak load was raised to 2.0 kN simulating
unconstrained walking condition [2, 3]. This load history was selected to simulate the
rehabilitative phase in which the surgeon allow partial wear bearing during the first
half of the period between the two surgical sessions. The joint surfaces were lubri-
cated during the test with a lubricant similar to the synovial fluid (30 % sterile bovine
calf serum, 70 % deionised water plus sodium azide). The articular surfaces were
removed from the simulator at 0.1 million cycles, cleaned and controlled for fracture
before restarting the test with fresh lubricant solution. The lubricant was collected for
debris analysis. Five test repetitions were performed on spacers with a head size rang-
ing from 46 mm to 54 mm.

Wear debris found in the lubricant was isolated from the fluid. A previously vali-
dated procedure [1] allowed the separation of the bone debris from the PMMA
debris. The collected material was analysed microscopically. Finally, the head of the
spacer underwent microscopical analysis (Scanning Electron Microscope, Cam-
bridge Stereoscan 200, UK) to investigate the morphology of the worn surface.

Results

Fatigue testing

Two spacers failed during the fatigue test at 0.40 and 0.45 million cycles, respectively.
The third spacer completed the test. In the failed spacers, the fracture propagated
from the anterior-lateral side to the internal metallic rod (Fig. 3).

Fig. 3. Left: The hip spacer that completed the fatigue test. Right: A hip spacer that failed during
the fatigue test. The enlargement shows the lateral side of the fractured stem.
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Wear testing

Two out of five wear tests were stopped at 0.1 million cycles due to acetabulum frac-
ture (Fig. 4). The remaining three joints completed the test. Unfortunately, in one of
these three joints the head of the spacer was fractured by the loading device due to fix-
ation failure. Since the coupling surface was partially damaged as well, this specimen
was also discarded from the analyses.

N

Fig. 4. An acetabulum
fractured during the
wear test. The white
arrows indicate the
fracture on the articu-
lar surface.

Fig. 5. Left: The head
of the untested spacer.
Right: The head of the
spacer which com-
pleted the wear test.
This head appeared
smoother than the
untested one due to
polishing of the
matching surface
caused by abrasive
wear.



13 Fatigue and Wear Characterization of the Preformed Hip Spacer

125

Fig. 6. On the left a
surface cavity contain-
ing wear debris. On
the right the morphol-
ogy of the worn sur-
face is visible.

The two remaining spacer heads, which completed the test, showed polished zones
that could not be found on the untested surfaces (Fig. 5). At high magnification these
zones appeared smooth while wear debris was found in the surrounding pores
(Fig. 6). This debris, consisting of both PMMA and bone tissue, was also found in the
lubricant.

Discussion

In this study the hip spacer was considered a temporary hip hemi-prosthesis which
may undergo full physiological loads - the worst working condition which can be
supposed for this device - therefore neglecting problems such as spacer stability, risk
of dislocation or bone fracture [7, 14]. The experimental procedures developed to
investigate the fatigue and wear behaviour of the spacer were designed based on this
rationale.

The loading history, applied in the fatigue testing, implies that: 1) the period
between the two surgical sessions is six months; 2) the patient is active during the entire
period; 3) the patient is allowed to place load upon the operated hip without restric-
tions. The hip spacer showed finite fatigue strength under the above described condi-
tions. However, this loading history is hardly experienced by the hip spacer in vivo.
Additionally, in clinical practise only partial load bearing is allowed to the patient
between the two surgical sessions if the spacer is stable [7, 14]. Since decreasing the
load level increases the fatigue life of a device, the mechanical failure of the spacer stem
seems unlikely, taking into account the above mentioned recommendation.

The wear test was designed in an attempt to replicate a probable loading history.
The following assumptions distinguished this loading history form the previous one:
2’) the patient is partially active between the two surgical sessions; 3’) the patient is
allowed to load partially the operated hip. Only during the last phase of in vivo service
the spacer undergoes full load. Abrasive wear of the spacer head occurred under this
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condition. It was roughly estimated that the coupling releases about half a gram of
PMMA debris in one million cycles. Although this phenomenon did not affect the
functionality of the articular surface, the estimated wear rate was at least one order of
magnitude greater than that measured for hip prosthesis with the acetabular cup
made of polyethylene (UHMWPE) [13, 17].

PMMA debris has been recognized to promote tissue reactions and finally osteoly-
sis, in a similar way that UHMWPE debris do [19, 20]. However, the short duration of
the in vivo service of the spacer and the lavage of the periprosthetic tissue - or even
better the reaming of the bone cavities - should reduce the biological effect of the
PMMA debris. Conversely, damage of the acetabulum by the spacer head is a reason
for concern. Although this phenomenon may be affected by the mechanical behav-
iour of the chemically fixed bone tissue, the risk of progressive damage of the acetab-
ulum and, in the worst scenario, the protusion of the spacer head through the acetab-
ulum can not be ignored when full weight bearing is allowed. Therefore the recom-
mendation of partial weight bearing between the two surgical sessions is a precaution
to avoid the risk of wear of the acetabulum and/or bone fracture more than the risk
for damage of the hip spacer.

Conclusions

The spacer showed finite fatigue strength under the above-described loading condi-
tions but failure was achieved only at the end of a severe loading history, hardly expe-
rienced by the spacer in vivo. Additionally, at the end of the wear test the head of the
spacer appeared slightly polished on the matching areas due to abrasive wear but
fracture of the acetabulum occurred in two out five couplings. Although these out-
comes may be affected by the mechanical behaviour of the chemically fixed bone tis-
sue, damage on the acetabulum caused by the spacer head is a reason for concern.
However, since decreasing the load level leads to an increase in the fatigue life and a
decrease in the wear rate - and the risks of acetabulum fracture are also reduced - the
surgeons can safely implant the spacer if the patient is constrained to a reduced activ-
ity and partial weight bearing, as in existing standard clinical practice.
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Introduction

Infection is one of the most severe complications that can arise after the implant of a
knee prosthesis [2, 7]. Late infections are usually treated by removing the infected
prosthesis and reimplanting a new one, following either the one or two stages tech-
nique: in order to avoid persistent and recurrent infections that have been reported
when using the one-stage technique [8, 10] the two-stage technique has been intro-
duced, consisting in the removal of the infected prosthesis in a first operation stage
and in the reimplantation of a new one after adequate treatment of the infection in a
second stage, usually performed six to twelve weeks after the first procedure [7, 10,
12, 14].

In the interim period the usage of a knee spacer is suggested in order to avoid
patient immobilization and soft tissues contracture with consequent shortening of
the operated leg and difficulty of reimplantation [11, 12]. In cases of knee spacers
made of antibiotic addicted bone cement, a locally focused therapy to prevent coloni-
zation [9] is achieved.

The knee spacer can be static or mobile, the difference laying in the possibility of
knee flexion during the interim period: static spacers have shown difficulties in the
exposure at the time of reimplantation due to quadriceps shortening and soft tissues
adherences, a poor range of motion postoperatively, instability and bone erosion [4]:
these drawbacks moved the surgeons to the usage of mobile articulating spacers that
have improved reimplantation and a better range of mobility of the knee after the sec-
ond operation stage [5, 10, 13].

Considering that six to twelve weeks must pass between the two operating stages
and that the patient is often allowed to bear weight in order to prevent soft tissue con-
tracture, the assessment of the mechanical performances of mobile knee spacers
made of polymethyl methacrylate (PMMA) bone cement is a key issue to evaluate
their reliability before the clinical use.

In particular the loads that act on the spacer come from the walking activity of the
patient that can be defined as a cyclic activity, requiring a repetition of a high number
of cycles of load. The fatigue performances of the device must be investigated in order
to prevent failures during the clinical usage.

In this work the fatigue performances of Tecres Spacer-K knee spacer were investi-
gated through two types of tests: (i) resistance tests on the whole device (condyles +
tibial plate) run on a four degree of freedom knee simulator basically following the
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prescription of ISO 14243 standard; (ii) fatigue tests on the tibial tray run according
to ASTM F 1800 -04 standard.

Materials and Methods

The knee spacer that has been subjected to tests (Fig. 1) is made of a tibial component
consisting in a flat base upon which a femoral component articulates, thus permitting
the flexion of the knee. Both the components of the device are made of PMMA con-
taining 2.5 % w/w gentamicin and are fixed to the bone using antibiotic addicted bone
cement. The spacer is made in three different sizes (small-S, medium-M and large-L)
and is manufactured by Tecres S.p.a., Sommacampagna (VR), Italy with the commer-
cial name of Spacer-K.

All the tests have been performed at the Laboratory of Biological Structure
Mechanics of the Politecnico di Milano, Milan, Italy.

Cyclic Tests on the Whole Spacer

Cyclic tests consisted in applying to the knee spacer 500,000 loading cycles in order to
assess its mechanical resistance during a period of time corresponding to a six month
walking activity, which could be the period of implant of the spacer.

The tests were carried out on three spacers of different size (small-S, medium-M
and large-L) and were performed on a four degrees of freedom MTS knee simulator
(MTS Systems, Minneapolis, MN, USA) (Fig. 2) mounted on a MTS Bionix 25kN-
250Nm axial-torsional testing machine. The knee simulator allows to impose simulta-
neously with the axial force three kinematic conditions, namely the flexion-extension
and the internal-external rotation of the femoral condyles and the antero-posterior
(A-P) shear of the tibial plate: the axial force simulates the action of the bodyweight
during walking on the knee while the three kinematic conditions are the basic com-
ponents in which the multidirectional movement of the knee during the gait cycle can
be divided.

femoral condyles

tibial plate

g

articulated
joint

Fig. 1. Components of
the Tecres knee spacer
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Fig. 2. The MTS knee simulator

The patterns and ranges of the axial force and of the flexion-extension conditions are
reported in Figure 3: the internal-external rotation has been set to a fixed value
because the knee spacer does not allow any rotation about the vertical axis while the
lower sliding block has been left free to move in order to adapt its movement to the
one imposed by the femoral condyles during flexion-extension. The maximum value
of the imposed load was set to 1300 N, half of the load that normally acts during walk-
ing, considering that the patient, during the rehabilitation period that follows the
implant of the spacer, should walk with the aid of crutches, thus reducing the total
amount of the load that acts on the knee. In order to asses the mechanical reliability
of the device even in case the patient should not follow the prescription of using
crutches, three more tests have been performed on the S-size device imposing a verti-
calload equal to 2600 N corresponding to the full bearing condition. In both the con-
ditions, the test frequency was set to 0.5 Hz.

In order to mimic the in vivo environmental conditions of the tissues that sur-
round the spacer, on the MTS knee simulator the device was located into a sealed
chamber and kept constantly lubricated by means of a mixture of water and 25 %
bovine serum at the temperature of 37°C. This mixture is recognized as having lubri-
cating properties similar to those of sinovial fluid [3].

Fatigue Tests on the Tibial Tray

The test goal was determining the fatigue behavior of the tibial plate of the spacer,
basically following the prescription of ASTM F 1800-97 standard: this set-up sug-
gests to place the specimen on the testing machine in the configuration of a cantilever
beam by cementing it to the lower grip and fixing to its centerline through a clamp as
illustrated in Figure 4.
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axial load

l -
tibial plate

Fig. 4. Experimental set-up for the fatigue tests on the tibial tray

Table 1. Fatigue tests

parameters Minimum load [N] Maximum load [N] Frequency [Hz]
60 600 2.5
50 500 3
40 400 4
32.5 325 4.5

In order to determine which of the three sizes of the spacer could be the weakest, pre-
viously to the fatigue tests, three static tests were performed on a plate of the S- size,
on a plate of the M-size and on a plate of the L-size under displacement control at the
speed of 2 mm/min until break was detected.

In the fatigue tests a sinusoidally variable load was applied with maximum and
minimum values corresponding to those reported in Table 1; tests were performed
until either break was detected or 500,000 cycles were run, accordingly to the
expected time of use of the spacer (test frequency is reported in Table 1 as well).

Tests have been repeated on three samples of the tibial tray for each load value.

Results
Cyclic Tests on the Whole Spacer

As concerns the mechanical resistance of the whole spacer, this has been assessed by
the fact that no failure was recorded for any spacer at the end of the loading sessions:
half of the normal load acting on the knee during walking has been applied on the
spacer, due to the fact that the patient is supposed to walk in the interim period with
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the aid of crutches, and the frequency of testing was half the normal one, too, consid-
ering that the same patient should walk slower than a normal person does. Even the
eventuality of a patient that does not follow medical prescription of using crutches
has been investigated by doubling the applied load with the good result of absence of
failure in this case too.

Fatigue Tests on the Tibial Tray

As regards the tests on the reliability of the tibial plate of the spacer, results of the pre-
liminary static tests are reported in Figure 5: the plate of S-size spacer, as expectable,
has turned out to be the weakest and, for this reason, the fatigue tests have been per-
formed on plates of that size. Results from fatigue tests (Wohler curve) are reported
in Figure 6: such a curve reports on the x-axis the number of cycles reached for each
tested spacer and on the y-axis the maximum load at which the spacer has been
tested. The plot reports also the 95 % and 99 % confidence bands, that represent, in
case one hundred specimens should be tested, the interval containing 95 and 99 fail-
ure points, respectively. The arrow rising from the three coinciding points at 325 N
load level means that the tests have been stopped after 500,000 cycles, in accordance
to the expected lifetime of the device.
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Discussion

At the time the infection arises, the surgeon must face three main problems, here
reported in chronological sequence: i) the infection must be defeated as soon as pos-
sible and without risk of recurrences together with an immediate relief of pain; ii) in
the interim period before the new prosthesis is implanted, the patient should live as
much as possible a “normal” life, in terms of possibility of movements and deambula-
tion; iii) the reimplantation of the new prosthesis must be facilitated, trying to avoid
any factor that may cause bone loss or difficulties in exposure at surgical time.

The three above described requirements stimulated the surgeons to move from the
use of static spacers to mobile spacers, in particular after assessing the reliability of
the latter as regards the efficacy of the infection treatment [5, 6].But the great advan-
tages that may come from the use of a mobile spacer must be searched in the possibil-
ity of movement for the patient in the interim period, resulting in an increase of the
range of motion (ROM) of the knee after the second implant [5, 10, 13] , in a lower
incidence on bone loss due to resorption [6] and in an easier operating act at the time
of reimplantation [10].

Different mobile spacers have been proposed with different materials for the articu-
lating components, either antibiotic addicted PMMA on PMMA or metal on Polyethyl-
ene (PE): metal on PE implants do not have the ability of antibiotic release and may
increase the risk of reinfection due to the presence of additional surface area for bacte-
ria to adhere; on the other hand, the proposed PMMA on PMMA mobile spacers have
been manufactured by means of intraoperatively moulds, that means a non-controlled
manufacturing procedure with the risk of unknown mechanical resistance properties.

Some authors have implicitly asked the knowledge of these properties. For exam-
ple, Fehring et al.[6], who found little differences in ROM between static and mobile
spacers, lamented that the conservative formal physical therapy in the interim period
may have influenced this poor result and suggested that a more aggressive rehabilita-
tion should improve the mobility of the knee. On the other hand, the increase of such
rehabilitation facility could be responsible for any mechanical failure of the
implanted device and so the in vitro evaluation of the mechanical performances of
the mobile spacer turns out to be a key issue to assess its suitability in a pre-clinical
phase: the six month period of permanence inside the knee of the patient can easily
be considered long enough to assign the spacer the name of “prosthesis” with the
consequent need of a complete experimental procedure that takes into account the
problems that can arise in the long run, particularly related to fatigue.

This study has been made possible thanks to the fact that the spacers were indus-
trially manufactured, with a controlled manufacturing procedure, thus allowing to
have specimens whose characteristics do no depend (differently from those proposed
in literature) on the particular parameters under which they have been obtained:
quantity of antibiotic in the PMMA mass, temperature and humidity of the environ-
ment in which they have been moulded (operating theatre), moulding technique. In
particular, having a controlled percentage of antibiotics is an advantage both for the
infection healing capacity of the spacer and for its mechanical resistance perfor-
mances, that are strongly influenced by this factor.

In order to assess the mechanical reliablity in time of the device both cyclic tests on
the whole spacer and fatigue tests on the tibial tray have been performed and some
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considerations can be drawn when evaluating the above reported results. In the cyclic
tests on the whole spacer, the choice of using over-loading factors (very high load,
great number of cycles, wide range of motion) are a commonly used procedure in the
designing phase of an experimental set-up used to assess the mechanical reliability of
an endoprosthesis. In fact, the biological response of the host tissue to the insertion
of the device and the complexity of the anatomy and physiology of the prosthetic joint
are two factors that are definitely very difficult to simulate in in vitro tests: our experi-
mental set-up, for example, is able to take into account, as a biological factor, only the
lubricating mixing composition and its temperature that are similar to those found in
vivo in the prosthetic knee. As a consequence, in order to give consistence to the
results coming from the tests, a sort of “safety factor” is introduced by applying
mechanical conditions that are surely much more severe than the one the device will
be in vivo subjected to (in our case we increased the magnitude of the mechanical
input parameters such as load, number of cycles, flexion-extension ROM).

Also in the case of the fatigue tests on the tibial tray, the same consideration above
expressed on the testing experimental conditions that are applied to the device can be
valid and some factors must be taken into account when examining the results. The
loading configuration proposed by ASTM F 1800-04 is defined in literature as an
exaggeration of reality as it prescribes to load the tibial tray as if either in the medial
or in the lateral side the bone support should completely lacks: this condition is far
from reality where a resorption of the tibial bone as well as the formation of fibrous
tissue between the bone and cement may cause inadequate support to the tray, but the
complete absence of one tibial emi-plate has never been observed. Therefore, the load
that is applied to the spacer cannot surely be the physiological one (about 2000 N),
that would produce failure of the tibial plate due to the particular prescribed testing
configuration: the choice of the right load to apply has been discussed in literature [1]
with the final suggestion of a 500 N vertical load repeated for five million cycles (cor-
responding to five year waking of the patient) as the preferred loading condition to
assess the fatigue reliability of the tibial tray of a total knee arthroplasty (TKA): con-
sidering that the patient bearing a knee spacer has an activity level well below the one
of a patient bearing TKA, the value of the vertical load of 325 N assessed for a life of
500,000 cycles could be high enough to ensure the fatigue reliability of the knee
spacer tibial tray.

As a conclusion of this study, even if the tested spacer can be defined as a “tempo-
rary” device, the authors’ consideration is that, in the pre-clinical phase, the experi-
mental procedure that is run in order to assess its biomechanical reliability must be
as much complete as possible and very close to the one that is usually applied to a
“permanent” device: in this light, the spacers that have been tested have shown a good
behaviour, with a consequent high enough degree of suitability for the clinical use.
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Introduction

Various studies have been conducted on the preparation of hip and knee spacers for
the local treatment of infections in terms of choosing the right antibiotic and dose
and designing the components. [2, 3, 7]. In fact, in addition to releasing the drug to
treat the infection, the spacer’s goal is to enable joint movement [8] and to support a
partial load without further bone loss. The advantage of the two-stage technique is
that the patient is not obliged to stay in bed for the period in which the infection is
being treated and the shortening of his extremity is preserved [5]. The efficacy of the
two-stage treatment using the spacer has given positive results in more than 90 % of
cases [3, 4] with an average follow-up of 36 months. In some cases the stems broke [6],
Failure has not been directly related to the use of the spacer except in a small number
of fatigue failure of the stem [2]. Even the process of wearing, tested in vitro with ace-
tabular corpse cups, seem to indicate the hip spacer’s improved performance with a
limited release of wear particles [1].

In general, the spacer is a preformed device, covered in bone cement loaded with
antibiotic. There are examples, as in the spacer shown in Fig. 1, in which the antibiotic

Fig. 1. Hip spacer with
antibiotic insertions
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was added by the surgeon directly before the implant by inserting it in the preformed
spacer. For a better distribution of the drug the loading should take place before the
cement’s polymerization. For the hip joint, the device is composed of the femoral
stem and head which can be obtained from a mould (Spacer-G - Tecres Spa, Italy) and
a hollow stainless steel cylindrical rod is inserted in the stem.

The design of the knee spacer is similar to a normal prostheses but the material
modified as an antibiotic-loaded acrylic cement. The tibial component is composed
of a flat base and the femoral component matching automatically. This enables
repeated rotation movements between the distal femur and the proximal tibia during
flexion and extension. Both components are secured to the bone with bone cement.
Acrylic cement is prone to wearing and degradation and therefore will require a sec-
ond stage revision when the infection has been controlled [2].

The aim of this paper is to evaluate the wear characteristics of acrylic cement in
spacers. They were evaluated at different stages after cycling and the breakdown of
areas in contact were recorded.

Experimental

Two hip Spacer-G and two knee Spacer-K (Tecres Spa, Italy) were analysed. The knee
spacers were removed after having functioned in vivo for 5 and 6 months, while the
two hip spacers were removed at 3 -6 months. They were compared to new implants
to evaluate wear characteristics. The composition of the acrylic cement used in
Spacer-G and the Spacer-K is indicated in Table 1. The removed implants were
cleaned of organic residue prior to evaluation. Initial evaluation was carried out with
an optical microscope. A macroscopic survey using a stereomicroscope (WILD M8)
was then utilized in areas that wear was identified. A stereoscan microscope (Cam-
bridge Stereoscan 360) and a microanalysis with X-ray spectrometer (Oxford INCA
200) was then carried out. The surfaces’ wearing conditions were evaluated through
a laser section measurement (UBM microfocus) to further determine the amount of
acrylic wear.

The Spacer-K was also submitted to Gel Permeation Chromatography in order to
determine the degradation of the acrylic polymer.

Table 1. Chemical

. Liquid component:
composition of the q P

tibioti t of Methylmethacrylate 98.20 % wiw
antibrotic cement o N-N Dimethyl-p-Toludine 1.80 % wiw
Spacer-G and Spacer-K Hydroquinone 75 ppm
Powder component:
Polymethylmethacrylate 82 % wiw
* Equivalent alwavs to Barium Sulphate Ph.Eur. 10 % w/w
2% % Gentami 4 Gentamicin Sulphate Max: 5% w/w*
-2 7o sentamicin Benzoyl Peroxide 3% wiw

base.
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Results and Discussion
Macroscopical Examination

The macroscopical examination of the new Spacer-K highlighted the fact that the
surface of the two parts that compose the spacer is completely opaque. No particular
finishing touches were observed. However, a certain porosity distributed over the
whole surface, even at the back of the parts, with big pores of different dimensions
even one-millimetre wide, were clearly observed. These are typical of acrylic cement
(Figs 2a, 2b).

The surfaces of the Spacer-K, after explantation, are characterised by the existence
of very shiny areas with respect to the remaining opaque surface. These areas were
different both in shape and extension in the two explants. Contact areas between the
flat shinbone and the thigh bone component are indicative. Therefore in these areas
the wearing conditions of the material was observed. It was noticed that in the smaller
spacer (5 months) the shiny part extended to almost the whole area covering the two
surfaces that were in contact with the thighbone, including an area on the surface of
the central part in relief. In the bigger Spacer-K, it was instead noticed that the shiny
areas were located on the component sides and this was more noticeable on one side
(Fig. 3).

The hip Spacer-G, used as a reference, is smaller than the two explants. But even in
this case, like the previous one, it was used as a reference to compare the surface of the
cement after in vivo functioning.

Fig. 2. Blank Spacer-K: a tibial component; b femoral component

Fig. 3. Explanted Spacer-K: glossy areas on
the tibial component
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Similarly to the knee spacer, the surface of the new Spacer-G was totally opaque.
It had macroscopic imperfections, such as open and closed pores. The latter were
barely seen underneath a cement film, identified as whiter spots. The line joining the
two parts of the mould could also be seen and, in particular, the head showed signs of
mechanical workmanship that increased the surface’s roughness. Explanted devices
were distinguished for the different dimensions of the head, which was bigger in the
spacer explanted after 6 months. In one of the two stems, following the breakage of
the cement at the end, the metallic rod could be seen inside. Both stems showed a
breakage of the cement coating in the distal area. Observing the heads enabled the
identification of contact areas, which were particularly shiny with respect to the rest
of the surface which, instead appeared just like the new sample of reference. The shiny
areas no longer had the mechanical workmanship that was identified on the new
spacer and that was still visible on the rest of the heads’ surface. The shinier areas
developed along a circular crown towards the side of the head (Fig. 4). These had
more or less the same extension. In the bigger head, the smooth surface extended
partly even over the side while in the other one it was mainly distributed on the same
cap. The location with respect to the stem was also different. It was towards the upper
end in the first and sideways in the second. A summary of the observations conducted
during this first stage of analysis is contained in Table 2.

Microscopical Examination

The SEM observation of spacers was conducted on the less bulky parts, in order that
these would be better moved inside the instrument’s chamber. In particular, the
heads of the Spacer-G devices were tested, after having been cut from the stem and
shinbone plates of the Spacer-K devices.

The common aspect found in all new spacers, which characterises their surface, is
the existence of prepolymer beads (generally in relief) and the existence of a powder
compound, in the polymerized matrix, based on radiopacifying barium sulphate, as
shown in the EDS spectrum obtained from an accurate analysis of the area (Fig. 5). It
was not possible to highlight even an eventual presence of the Gentamicin sulphate
antibiotic, since there were no discriminating elements to detect this additive with
respect to the polymer and the radiopacifying agent. On the Spacer-G heads the pre-
polymer beads were quite noticeable on the ridges of the holes left by the mechanical
workmanship (Fig. 6) and flatter on the plains. This was already highlighted by the
macroscopical observation.

Fig. 4. Explanted Spacer-G: glossy areas on
the head
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Table 2. Summary of the macroscopical and microscopical examination results

Macro-
scopical
exami-
nation

Microscop-
ical exami-
nation by
SEM and
EDS micro-
analysis

Opaque

Presence of open and close
pores

Signs of mechanical finish-
ing

Opaque

Presence of pores, even in
the order of mm

Very smooth areas on the
remaining opaque surface

Fracture in the acrylic
cement coating

Very smooth areas respect
the remaining opaque sur-
face and absence of
mechanical finishing
signs

Emerging pre-polymer
spheres inside a matrix
mainly composed of
BaSO, particles

Flattened pre-polymer
spheres

As above + cracks

Polishes pre-polymer
spheres. Reduction pow-
dery material made of
BaSO4

Several cracks

Head
Stem

Femoral component
Tibial component

Femoral component

Tibial plate

® Extended smooth areas in
the planes of coupling with
the femoral component

¢ Limited smooth areas and
localized at the borders of
the components

Stem in distal zone

Head

The areas develop in a circu-
lar crown shifted towards
the rim

Extension of the smooth
area beyond the head border

Head
Tibial component

Head, bottom of mechanical
finishing grooves

Opaque areas of head and
tibial component

Smooth areas in head and
tibial component (more in
head)

Smooth and opaque
(in lesser size) areas
Head and tibial plate

Spacer-G

Spacer-K

Spacer-K 5M

Spacer-K 6M

Spacer-G 3M

Spacer-G 6M

Spacer-G 6M

Spacer-G
Spacer-K

Spacer-G

Spacer-G 3M
Spacer-G 6M
Spacer-K 5M
Spacer-K 6M

Spacer-G 3M
Spacer-G 6M
Spacer-K 5M
Spacer-K 6M

Spacer-G = Spacer-G new; Spacer K = Spacer-K new; Spacer-G 3M = implanted 3 months; Spacer-G
6M = implanted 6 months; Spacer-K 5M = implanted 5 months; Spacer-K 6M = implanted 6 months
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Fig. 5. a BaSO, powder Ba
in the polymerized
matrix on the groove 0 Ba pa

throat b EDS spec-

trum of the com- A L o L (N SO ERIV IS VPN
pound in the matrix 0 1 2 3 4 5 6 7 8 9 10

among the Spheres b Full Scale 217 cts Cursor: 0.000 keV keV|

Y

Fig. 6. SEI-BSE mix
signal images of the
blank Spacer-G:

a grooves due to 2mm
mechanical finishing
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Fig. 6b. Prepolymer
spheres on the groove
top

Fig. 7. Explanted
Spacer-K, SEM micro-
graphs of: a the
smooth area

The rough areas observed on the spacers after explantation have a similar shape to
the ones of reference on the new spacers, except for the existence of cracks that are
particularly numerous and evident in the more worn out areas, that appear shiny
under macroscopic observation. The worn out areas are characterised not only by a
series of cracks but also by the smoothing out of the prepolymer beads and the
absence of the powder compound between the beads which actually tends to trans-
form into islands between the small spheres (Fig. 7). The same figure also shows how
the cracks are not only distributed over the polymerized matrix, but they also cross
the same prepolymer beads. The worn out surfaces of Spacer-G heads, have another
peculiarity. They show a general flattening out of workmanship signs. It was also
noticed that some prepolymer beads (especially those in relief on the ridges of the
workmanship signs) have been moved to other areas, implanted in the matrix, with
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Fig. 7b. The rough area

Fig. 8. Explanted
Spacer-G: SEM micro-
graph of the smooth
area with a sphere
implanted in the
matrix

clear formation of little new cracks on the sides (Fig. 8). As in previous observations,
the most significant results are indicated in Table 2.

Roughness Measurements

Roughness measurements carried out on spacers have given results expressed in
average roughness Ra, assessed according to regulation DIN4768, indicated in Ta-
ble 3 and in Figures 9 to 11. The average roughness of non implanted spacers has been
indicated as a reference. Average roughness values measured in opaque areas are very
close to the non implanted spacers, which in any case show a different surface finish
between the Spacer-G (R, = 3.37 um) and the Spacer-K. The surface roughness of the
latter is actually considerably lower, both on the femoral component (R, = 0.97 pm)
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Spacer

Average roughness R, (um)
Rough areas

Smooth areas

New Spacer-K (Fem Comp) 0.97 -
New Spacer-K (Tib Comp) 1.25 -
Spacer-K 5M (Fem Comp) 1.52 0.35
Spacer-K 5M (Tib Comp) 1.52 0.24
Spacer-K 6M (Fem Comp) 1.31 0.69
Spacer-K 6M (Tib Comp) 1.31 0.66
New Spacer-G 3.37 =
Spacer-G 3M 3.55 0.21
Spacer-G 6M 3.45 0.48
4
3.5 @E5m L
3 m6m|
25 oom
£
S 2
4 1.5
1
0.5
0 4
smooth area rough area
4
3.5 o5m—
3 momi|
— 25 oomp_
£
2 2
4 1.5
1
0.5
0 a
smooth area rough area
4
B
2
4

smooth area

rough area

Table 3. Average
roughness R, of the
spacer’s surface

Fig. 9. Average rough-
ness R, of the smooth
and rough areas of
the Spacer-K tibial
component. For com-
parison the average
roughness of the
blank spacer surface
is reported

Fig. 10. Average
roughness R, of the
smooth and rough
areas of the Spacer-K
femoral component.
For comparison the
average roughness of
the blank spacer sur-
face is reported

Fig. 11. Average
roughness R, of the
smooth and rough
areas of the Spacer-G
head. For comparison
the average roughness
of the blank spacer
surface is reported
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Table 4. Molecular

weights of the mate- Spacer-K Mw Mn DFM
rial of the new Spacer- Ny 35,6890 66,318 5.381
K and after 6 months Implanted for 6 M 23,5856 41,992 5.616

of implantation

and on the tibial one (R, = 1.25 um). It can be noted that the shiny areas found are
actually less rough than the opaque ones. This difference is even more noticeable in
the Spacer-G rather than the Spacer-K. The former varies between a maximum
roughness of over 3 um to a minimum of less than 0.5 um, while the latter has a differ-
ence of barely 1 pm. Even if there have been difficulties in evaluating the roughness of
the femoral component of Spacer-K devices, there is no substantial difference
between the wearing of the shinbone plate and the thighbone component. The differ-
ences between roughness values measured on glossy areas and rough ones for the
explanted devices are 3.34 um and 2.97 um for Spacer-G respectively after 3 and 6
months of in vivo functioning. The analogous differences are 1.28 pm and 0.65 um for
Spacer-K tibial component respectively after 5 and 6 months of in vivo functioning.

Molecular Weight

In order to obtain an average evaluation of the cement’s deterioration conditions, the
molecular weights of the new Spacer-K cement was compared to the one of the
Spacer-K cement explanted after 6 months.

The values obtained were indicated in Table 4. The M,, (weight-average molecular
weight) decreased from 356,890 to 235,856 and the M, (number-average molecular
weight) from 66,318 g/mol to 41,992. The polydispersity index (DPM) increased from
5.381 to 5.616.

Discussion

Analyzing the observation results summarized in Table 2 some consideration can be
drawn.

From the macroscopical point of view the opaque appearance of the new spacers
surfaces allowed to identify more easily the worn areas on the spacers ex vivo. In fact
it was observed that the areas that came in contact during the in vivo functioning
appear glossy. This aspect can be usefully utilized to evaluate the positioning and the
loading conditions of the device. On the spacer-K explanted after 5 months the shiny
part extended to almost the whole area covering the two surfaces that were in contact
with the thighbone, including an area on the surface of the central part in relief, which
indicates an imperfect matching between the two components but, in any case, a good
distribution of the load on the surface. In the Spacer-K explanted after 6 months, the
different location of the shiny areas at the edges of the components indicates that the
surfaces that were in contact were less extensive and therefore the load was concen-
trated on a limited surface of the spacer.

The smoothing of the contact areas observed on the heads’ surfaces of the Spacer-
G devices and the consequent disappearing of the mechanical workmanship that was
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identified on the rough surface suggests that a large amount of cement could be worn
out during the in vivo functioning. The presence of the glossy areas developed along
a circular crown towards the side of the head on both the spacers-G shows that the
spacer was partly loaded and surely articulating, even if it was not able to support the
natural load of a thighbone. The glossy areas extension and the different location on
the head and with respect to the stem observed on the two explanted devices suggests
a different matching with the acetabulum.

Microscopical observations, carried out by SEM, have not highlighted any detail
that shows different wearing conditions of the surfaces of spacers explanted after dif-
ferent functioning times. A slight difference was found on the Spacer-K, which was
explanted after 5 months with respect to the same type of spacer explanted after 6
months. It consists in the existence of fewer microcracks which, however, could also
be caused by the material’s different load conditions as argued also by macroscopical
observations. A greater difference can be seen between knee and hip spacers. The lat-
ter actually show a more consistent smoothing out effect of the prepolymer beads and
areduction in the radiopaque areas. This fact suggests that if the powder compound
based on radiopacifying agents is associated to the antibiotic, the worn out areas are
less efficient in releasing the drug, since it is moved or absorbed more deeply by the
cement and therefore less available. This adds to the evident wear, even if it is distrib-
uted to limited areas of contact, with extirpation and consequent release of waste that
can increase the inflammatory response thus reducing the device’s efficacy. The pres-
ence of cracks can increase this phenomenon since these can lead to the breakage of
small fragments of cement.

Roughness measurements confirmed the microscopical observation results. In
fact the extension in time of the device in vivo functioning does not seem to be high-
lighted by roughness measurements. If we consider, for example, the two Spacer-G
devices explanted after 3 and 6 months you cannot notice a substantial difference in
roughness values of the shiny areas. However, apart from not knowing the exact func-
tioning conditions that the spacers were submitted to during the time they were
implanted, it should also be noted that roughness measurements on the spacer head
after 6 months were not taken in the area that appeared shinier after a macroscopical
observation. This is because the position could not be reached by the analysis system.

The major roughness values difference between implanted and new devices has
been revealed for spacer-G. One should keep in mind, though, that even if the spacers
were completely loaded, the weight on the knee is not as heavy as that on the hip joint.
Moreover the spacer-G head surfaces are rougher than the spacer-K ones and rougher
surface wears out more easily.

Another effect of the in vivo functioning of the spacer has been highlighted by the
polymer molecular weight measurements. Results show that the polymer, which
spacer-K is made of, has suffered from deterioration during the 6 months of in vivo
functioning. In actual fact, apart from the reduction of the M, (weight-average
molecular weight), and the M,, (number-average molecular weight), there was also an
increase in the DPM (polydispersity index). This shows there has been a degradation
of part of the molecules with the formation of smaller molecules.
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Introduction

Total hip replacement revision has always been an interesting and difficult challenge
for surgeons. This challenge is even bigger in presence of an infected revision, since
the control of infection is one of the key element for the implant final result.

Debates are still going on today on the modalities and timing (one- or two-stage)
that surgeons should adopt in infected revision surgery, since several factors have to
be considered before taking this decision.

In our experience, two-stage surgical treatment is used in 90 % of revisions, when
there is a clear pre-clinical diagnosis of infection and when there is a strong clinical
suspicion of infection.

The choice of the two-stage revision technique gives the surgeon the possibility to
choose (between the first and second operation) if a resection arthroplasty according
to Girdlestone [3] or the use of a spacer is required [2, 9].

If resection arthroplasty is chosen, the first operation involves a considerable
shortening of the limb and requires long admittance periods due to the application of
continuous traction forces. The subsequent formation of muscle/ligament adhesion
and retraction makes more complicated the second operation increasing the blood
loss and prolonging its duration.

Studies on the use of antibiotic-loaded PMMA-spacers, published by Clive P. Dun-
can in 1993 [2], marked a turning point in prosthetic revision surgery of the hip and
the knee.

Following the experience proposed by Duncan, between 1994 and 1998 our group
started to use an intra-operatively prepared spacer made with cement and gentami-
cin. The results achieved in terms of infection eradication were positive, but mechani-
cal failure of the device was observed in some cases. From 1998 till today, being aware
of the advantages of the use of a spacer in revision surgery of infected implants, we
started to use a preformed hip spacer, Spacer-G (Tecres Spa, Italy). Initially the device
was available only with a short stem (Fig. 1a), and in some cases a varus positiong was
noted, moreover in case of absence of proximal support, in the presence of large
methaphyseal defects or after a trans-femoral approach for implant removal the
device could not be used. This problem was overcome when the long stem version
was introduced in the market (Fig. 1b).

One of the problem still debated is the possibility of increasing bone loss with the
use of the spacer, and this was the aim of this retrospective study.
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Fig. 1. a Spacer-G (short stem); b Spacer-G XL
(long stem)

Materials and Methods

Between 1998 and 2005 forty-six patients (22 M, 24 F) underwent a two-stage revision
procedure for the treatment of infected THA. In all patients Spacer-G was implanted
for a mean period ranging from 2 to 20 weeks.

The diagnosis of infection was based on clinical history, bio-humoral parameters
(ESR, CRP), imaging studies (X-rays, scintigraphy), microbiological and histological
assay [6].

The mean age of the patients at the time of surgery was 62 years (range 42 - 83).

The infecting pathogen was Staphylococcus epidermidis (19), Staphylococcus
aureus (16), methicillin-resistant Staphylococcus aureus, MRSA (2), Streptococcus (2),
Peptostreptococcus (1) and Mycoplasma hominis (1). Polymicrobial infection was
diagnosed in 4 cases. In one patient the pathogen was not detected.

In 24 patients Spacer-G was implanted after having carried out an extended tro-
chanteric osteotomy [5].

There are no defined methods for evaluating the loss of bone mass. Since only
radiological data were available for all the patients, we decided to analyze and com-
pare the X-rays taken after the implantation of the spacer and the X-rays taken a few
days before its removal.

At acetabular level it was evaluated the possible presence of pelvic perforation or
lifting of the spacer head; at femoral level it was evaluated the femoral endomedullar
cavity.
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Fig. 2. Measurement of the bone
loss at acetabular level a lifting,
b penetration

Fig. 3. Measurement of the bone loss at femoral level c level of the minor trocanter, d at 15 cm
from the minor trochanter

As measurable parameters, at acetabular level we established: 1) the distance between
the spacer head perimeter and the unnamed line; 2) the distance between the lower
edge of the radiological “U” and the lower part of the spacer head. This enabled us to
record the bone loss as lifting of the spacer head (a) and/or as intrapelvic perforation
(b) (Fig. 2). At femoral level, we measured the distance from the medullary space on
two levels: 1) at the minor trochanter level (c); 2) 15 cm below the first measurement
(d) (Fig. 3).

Moreover where an extended trochanteric osteotomy had been performed, it was
verified that the osteotomy was radiologically visible and consolidated at the time of
the second surgical operation.

Results

No bone loss, according to the criteria selected, was found in 44 patients out of 46
(95.6 %). Bone loss was seen only in two patients.
Acetabular level: in the first case the spacer head lifted by 4 mm (a) with a pelvis
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Fig. 4. Lifting of the
spacer head at the ace-
tabulum level

perforation of 3 mm (b); in the second case the spacer head lifted by 3 mm (a) without
any measured perforation (Fig. 4).

Femoral level: in both cases an increase of the endomedullar cavity diameter was
found. In the first case the sinking of the spacer caused a fracture of the trochanter
and extended the higher femoral measurement by 5 mm (c). In the second case,
instead, even without any sinking, the higher measurement had enlarged by 3 mm (c)
and the lower one by 5 mm (d).

As concerns the cases which underwent an extended trochanteric osteotomy, in 21
cases the osteotomy consolidated before the final prosthesis reimplantation (Fig. 5),
and 3 developed into pseudo-arthrosis.

We observed 2 spacer dislocations and 1 major trochanter fracture.

Discussion

Revision surgery of total hip prostheses always involves considerable problems for
surgeons. Firstly, it is not always easy to determine the cause of the pain [1] and sec-
ondly, once a second operation on the patient has been decided, it is important to
know if the cause of pain is an aseptic or a septic loosening.

The diagnosis of a septic or aseptic loosening has clear consequences on the type
of treatment adopted. Today, the debate on the treatment options of infected hip pros-
theses continues. There are two traditional approaches: one-stage revision or two-
stage revision [4] broken up by a period in between the two operations that is influ-
enced by various factors.

In this period there are two options: the first is the application of the Girdlestone
technique, which was designed for the treatment of articulated tuberculosis of the hip
[3], which is considered an intermediate solution while waiting for the second opera-
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Fig. 5. a Spacer implantation after extended trochanteric osteotomy; b Consolidation of the osteo-
tomy

tion (implant of the new prosthesis). Resection arthroplasty implies a treatment of
continuous traction that increases the patient’s stay in bed, thus lengthening admit-
tance times. However, what is really important is that with this procedure the retrac-
tion of soft tissues and formation of muscle adhesions play an unfavourable role in
the prosthetic reimplant operations. They make it difficult to approach the hip again,
thus hindering the correct identification of the various levels, causing the retraction
of important structures such as the abductor system increasing the surgical times and
complications.

The second option is the positioning of a spacer, as described by Duncan in 1993
[2]. The spacer has a mechanical function, as it keeps the space between the bone seg-
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ments, providing a certain degree of joint mobility, and a biological function, as it
realeses locally high concentration of antibiotic [8, 9]. The patient quality of life is
considerably improved: few days after the removal of the infected prosthesis and the
implantation of the hip spacer, the patient can get out of bed and freely deambulate
without load but with the use of two crutches. On the other hand, the surgeon highly
benefits from the use of the spacer: the surgeon can operate a hip without the retrac-
tion of soft tissues, with an excellent identification of the different access levels, with-
out fibrous scars and without any shortening of the limbs nor of the abductor system.
This contributes to reduce surgical times and blood loss, and avoid intra-operation
complications.

The aim of our work was to study if the use of a preformed hip spacer may increase
bone loss both at acetabular and femoral level. Several factors may influence theoreti-
cally such a phenomenon: patient bone condition, spacer stability, length of implan-
tation, patient correct behaviour (partial weight-bearing).

Patient bone condition influences the decision of the surgeon of allowing or not
partial weight-bearing to the patient; the stability of the spacer depends on the con-
gruency between the spacer head and the acetabulum and can be increased by using
the long-stem spacer, which avoids the possible varus positioning of the short-stem
spacer, and by performing a proximal cementation of the spacer neck. The average
length of spacer implantation is nowadays between 8-12 months, but in some case
due to contingent reasons can be much longer. Eventually the behaviour of the patient
cannot be controlled: it cannot be excluded that patients will walk with full weight-
bearing when at home.

Notwithstanding all these possible negative effects, we found a condition of
increased bone loss only in two patients. It can be concluded that, according to the
criteria selected, the preformed hip spacer does not affect bone loss.
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Introduction

The Dutch surgeon, Door M. De Grood, who worked at St. Elisabeth-Ziekenhuis in
Tilburg, was the first to report on mixing penicillin with cancellous bone when filling
bone defects [9]. Two patients were successfully treated for residual cavities due to
osteomyelitis. During the 1980’s Alex McLaren presented several studies on bone
graft as an antibiotic carrier at different scientific meetings [23, 24, 26]. In 26 patients
treated with cancellous bone impreganted with tobramycin and vancomycin, sub-
toxic serum levels (6 and 9 pg/mL, respectively) were registered at 12 hours postoper-
atively. Antibiotic concentration in the drain fluid was very high: 185-1690 pg/mL of
tobramycin and 230-2345 pg/mL of vancomycin [25].

During the last decade several in vitro and in vivo studies have been published on
cancellous and cortical bone as antibiotic carriers, and also clinical studies [5, 6, 7, 8,
27, 35, 36, 37, 38, 39, 40].

Cancellous Bone
In vitro and in vivo Studies

Different antibiotics can be adsorbed to and subsequently released from a morcelli-
zed cancellous bone in vitro. The release of antibiotics is characterized by a high early
release and exponential decay. The decay of the curve is antibiotic specific (Fig. 1).
Studies on aminoglycosides indicate that there is a complete release of antibiotics
from impregnated cancellous bone. Different techniques have been used when can-
cellous bone allograft is impregnated with antibiotics. Antibiotic powder has been
mixed with the bone graft, or the bone graft has been impregnated in an antibiotic
solution. In vitro, antibiotic-impregnated cancellous bone elutes aminoglycoside and
vancomycin for five to six weeks. Generally, the amount of vancomycin released from
cancellous allograft is not inferior to that of an aminoglycoside. This is contrary to
other studies on the release of aminoglycosides and glycopeptides from bone cement
and PMMA beads [1, 19, 22]. There is a more rapid release of aminoglycosides com-
pared to vancomycin. The fraction of the total amount eluted during the first 24 hours
of an aminoglycoside and vancomycin, are 80 % and 30 %, respectively [38]. The
release of antibiotics from cancellous bone is influenced to varying degrees by vari-
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ables employed when the bone is impregnated with antibiotics, such as a) the concen-
tration of antibiotics in the impregnating fluid, b) the time used to impregnate the
bone, c) the pH of the impregnating fluid, d) the degree of bone morcellizing and e)
antibiotic combination. Under optimal conditions, more than 70 mg of aminoglyco-
side and 100 mg of vancomycin are released from one gram of cancellous bone, in
vitro.

In vivo, the release of beta-lactams from cancellous bone is so fast that it is difficult
to compare the elution profile from in vitro and in vivo processed bone. However, the
elution profiles of aminoglycosides, vancomycin, clindamycin and rifampicin are
similar, in vitro and in vivo [37].

Clinical Studies

Bone graft impregnated with either aminoglycoside or vancomycin results in
extremely high local concentrations when impacted in the femur canal or acetabulum
(Fig. 2). The local antibiotic concentration is above MIC of vancomycin against most
strains of S. aureus and S. epidermidis for at least 48 hours [8]. The antibiotic concen-
tration in the wound drainage fluid in patients receiving cancellous bone impreg-
nated with aminoglycoside is considerably higher than that recorded when using
gentamicin-containing bone cement [3, 4, 20, 30, 32, 33, 39].

Very few studies on clinical results when using antibiotic-impregnated cancellous
bone have been published in peer-reviewed medical journals, or presented at scien-
tific meetings. Buttaro [6] presented a study on two-stage revision of infected total
hip arthroplasties. Culture results at first stage revision included Gram- positive and
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Gram-negative bacteria. At second stage procedure vancomycin-loaded allograft
(500 gram vancomycin per femoral head) was impacted in the actebulum and femur.
All patients received a cemented femoral stem (without added antibiotics). At latest

follow up (mean 32 months) there was no sign of reinfection or prosthetic loosening
in 29 out of 30 hips.

Cortical Bone

With cortical allografts, graft-host non-union, graft fracture and graft infection
occurs [2]. Infection rates of 4 - 12 percent have been reported [2, 13, 14, 21, 31]. Webb
et al. [34] studied antibiotic resistance in S. aureus adherent to polyethylene, poly-
methylmetacrylate and cortical bone allografts in vitro. Compared to bacteria grow-
ing on the surface of polyethylene and polymethylmetacrylate, bacteria from the sur-
face of cortical allograft were associated with the highest degree of antibiotic resis-
tance. A cortical allograft may serve as a dead, foreign body that is not protected by
the local cellular defense mechanisms. Hence, a prolonged period with prophylactic
antibiotics has been recommended after implantation of large allografts [2, 21].
There are many reports on contamination of bone allografts during the process of
procurement [10, 16, 18]. Rinsing a large bone allograft with an antibiotic solution
after removal from the donor does not effectively eradicate microorganisms [10, 16].
The exposure time may bee too short for the antibiotics to be effective [10]. However,
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due to long and extensive surgery, multiple operations, problems with wound healing
and haematogenous spread of bacteria, large bone allografts are probably more often
contaminated during and after the operation [21, 31]. Moreover, many of these
patients have malignant tumors and are concomitantly treated with adjuvant radia-
tion or immunosuppressive chemotherapy.

In vitro studies have documented that cortical bone can act as an antibiotic carrier
[35, 40]. When a cortical allograft is impregnated with aminoglycoside, vancomycin,
ciprofloxacin or rifampicin the amount of antibiotics subsequently released from the
bone is highly influenced by the time used for impregnation of the bone. Cortical
allografts impregnated with netilmicin, vancomycin or rifampicin eradicate peroper-
ative contamination with S. aureus in an experimental osteomyelitis model [40].

Local Antibiotics and Incorporation of Bone Allograft

Antibiotic impregnation of bone graft could have a detrimental effect on osteogenesis
[15]. Ciprofloxacin reduces fracture healing when injected subcutaneously in rats,
and topically applied chloramphenicol and methicillin powder diminishes the osteo-
genesis in corticocancellous graft [12, 17]. Miclau [28] showed that tobramycin con-
centration <200 mg/L had no effect on osteoblast replication, while concentrations
> 400 mg/L impaired osteoblast replication, in vitro. Vancomycin and cefazolin con-
centrations less than 1000 and 100 mg/L, respectively, have little or no effect on osteo-
blast replication, in vitro [11]. In vivo, the effect of vancomycin on osteogenesis has
been studied thoroughly. Vancomycin-supplemented bone allograft in pigs has the
same osteogenic activity as non-supplemented bone [29]. Vancomycin-supple-
mented bone allograft used for the treatment of tibia defects in pigs did not radio-
graphically, histologically or immunohistochemically differ from the healing process
occurring with non-supplemented allograft [5]. In a case report, the histology of van-
comycin-supplemented impacted allograft has been studied in two patients. Due to
periprosthetic fracture the patients were operated 14 and 20 months after a septic
revision with the use of vancomycin-supplemented allograft. Histological examina-
tion of biopsies showed viable new bone formation, similar to what has been reported
in allografts without antibiotics [7].

Conclusion

The release of antibiotics from antibiotic-impregnated bone allograft is characterized
by a high early release and an exponential decay. The decay of the curve is antibiotic
specific. When antibiotic-impregnated cancellous bone has been employed in revi-
sion hip surgery, extremely high local antibiotic concentrations have been recorded.
Cancellous bone is an effective vehicle for local antibiotic delivery. However, the long
time effects of antibiotic impregnation on bone regeneration have not been studied.
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Introduction

In 1996 a new method for the production of morcellized bone allograft (MB) was
described by Ullmark and Hovelius [3]. According to the clinical research of Ull-
mark [4] new bone formation surrounding the bone allograft was histologically
demonstrated after 4 weeks. After 6 months allograft chips were still evident and
surrounded by large quantity of growing bone tissue and vessels; after 4 years, the
histological sections of stemmed proximal femur in revision hip prosthesis showed
a normal bone tissue in the site of the bone loss stock: allograft chips were not evi-
dent anymore, and only new bone tissue growth with plenty of regenerated blood
vessels were present. It was also demonstrated that defatted graft reduces bone-inte-
gration time and homologous tissue bio-compatibility [2].

Following these experiences, since 1998 the Musculoskeletal Tissue Bank of the
Rizzoli Institute [1] produces morcellized defatted bone allograft in conformity with
Ullmark and Hovelius experience. The bone allograft is utilized for different patho-
logical lesions to replace bone loss stock. Witso [7, 8] and Winkler [6] experience
showed that morcellized bone allograft is a good antibiotic carrier in vitro. We used
antibiotic-loaded morcellized bone graft (AMB) to refill debrided septic bone loss
stock. In such cases, a surgical debridement was always performed in the first stage to
eradicate infection, whereas in the second stage the restoration of bone loss was per-
formed with ABM (Figures 1a, b, c). Recurrence of a deep local infection with chronic
fistula, without a septic involvement of the bone graft, was observed in some cases
(Figures 1d, e). In some cases it has been possible to see significant roentgengraphic
growth into a solid bone mass and satisfactory remodelling of bone allograft into new
bony tissue (Figures 1f).

ABM has shown to be a promising composite for the treatment of septic bone loss
stock even in presence of chronic infection. Nonetheless, the poor mechanical
strength of this composite has led us to study in vitro and in vivo the pharmacological
and mechanical behaviour of ABM mixed with PMMA cement (CAMB).
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Fig. 1a. Septic non-union
of the distal femur.
Patient BS IV (UTMB
Stage System). Fistula

Fig. 1b. X-ray after surgi-
cal debridement of septic
tissue and stabilization
with an Ilizatov frame.
The original length of the
femur is restored. Fistula
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Fig. 1¢, d. After two
months the external
fixator is removed.

¢ Stabilization with a
locked nail. The bone
loss stock is filled with
AMB. Fistula. AMB
has an important
X-ray evidence. d Two
months later. Fistula.
AMB is going into new
bone

Fig. 1e. One year later.
Fistula
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Fig. 1f. Four years later. No signs of deep infection

Clinical Section

From 1998 to 2002 at the Rizzoli Orthopaedic Institutes 249 patients were operated for
different local bone pathologies using morcellized defatted bone allograft: 82 hips
prosthesis revisions; 6 knee prosthesis revisions; 13 post-traumatic hip prostheses;
51 spinal fusions; 50 curettage and filling of pathological lytic bone lesions (6 aneu-
rysmatic bone cysts and 7 giant cell tumours); 47 fracture non-unions of long bones
(morcellized allograft was used to fill debrided gap at the fracture site augmented
with cortical allograft and plates).

Morecellized bone graft is prepared mainly of spongy bone by removing fibrous tis-
sue, cartilage and cortical layers. The cancellous bone is then grinded with a bone
mill (Hovex Bone Mill, Orthologic Ltd) obtaining 3 mm bone chips. Morcellized allo-
graft is then washed with warm saline solution and defatted. Eventually the material
is gamma-sterilized at 25 kGy and then stored at -80 °C.

In 15 patients morcellized bone graft was mixed with antibiotic dry powder
(AMB). Six patients had a septic non-union of the forearm, five a septic non-union of
the femur and four had septic knee prosthesis (five knees). A two-stage technique was
always performed and AMB was essentially used to fill residual empty space after the
complete resolution of the infective process.

Forearm: in the 1st stage a bone and soft tissue debridement was performed,
followed after 30 - 40 days, by the 2nd stage in which the functional restoration of the
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Fig. 2a. Septic non-
union of the forearm
at the second stage.

b AMB is surroundig
the nonunion site
with the cortical and
full bone graft

forearm bones was achieved using cortical full bone graft augmented by AMB
(Figure 2a, 2b).

Femur: in the Ist stage an extensive bone and soft tissue debridement, and the
application of an Ilizarov fixator to restore the original length was performed. This
was followed, after 60 - 90 days, the 2nd stage in which the Ilizarov fixator was replaced
by alocked intramedullary nail. The space of lost bone was filled with AMB in one case
(Figure 1c, d), and with full cortical bone graft augmented by AMB in the others.

Knee: the patients presented a peri-prosthetic wide bone gap. The defects were all
classified as Engh Type 3. In the 1st stage the knee prosthesis was removed and
replaced with an antibiotic-loaded spacer. This was followed, after 50 - 90 days, by the
implantation of a revision knee prosthesis and AMB in the lost bone space.

The 15 patients underwent intravenous (1 week) and oral (4 weeks) antibiotics
administration, based on micro culture and antibiotic sensitivity assay from the tis-
sue biopsy.

Results

At a mean follow-up of five years, in 14 patients no relapse of the septic process was
present with good bone stock restoration. In only one patient with a septic fracture
non-union of the femur, the treatment was failed.

Forearm: the resolution of septic nonunion was obtained in the 6 cases. The func-
tional restoration has been related to the local conditions at the beginning of the
treatment.
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Femur: in 3 patients resolution of the septic process and bone segments union was
achieved; in one patient we had a failure: a 58 year-old man treated with a full-bone
graft, AMB and a locked nail developed a severe infection 30 days after the second
surgical stage and underwent amputation. This was the only failure in our experience.

Knee: the 4 patients regained a satisfactory range of motion (0°- 50°), good joint
stability. The long-term postoperative radiographic control revealed a good bone
density of grafted bone defect and, in our opinion, is the character of a new bone tis-
sue growth.

Discussion

In our experience the use of morcellized defatted bone graft has become an usual
opportunity for the treatment of bone defects. When a septic complication is com-
bined to a bone defect, a two-stage technique is preferred. The use of AMB is still a
further care for the treatment of bone defect with a former septic complication.

Some Authors describe positively their experience with antibiotic loaded allograft
[9], but other suppose that local antibiotic is not necessary when bone grafts are used
[5]. Our opinion is that an accurate selection of the patients and more experience is
necessary to understand the effectiveness and indications of AMB for the treatment
of septic bone defects.

Experimental section

The more frequent use of AMB and the observation of its poor mechanical strength,
stimulated a research of a new composite similar to human bone: morcelized bone
allograft with vancomycin and PMMA.

In our Institute Lab, with a specific mould of 1 cm diameter and 1 cm height, cylin-
ders (CAMB) were made with a mixture of morcellized bone graft (0.8 g), vancomycin
(0.1 g), PMMA powder (0.5 g) plus PMMA liquid (0.3 ml) and others control cylinders
(CA) made of vancomycin (0.1 g), PMMA powder (0.5 g) plus PMMA liquid (0.3ml).
Both groups were tested for in vitro antibiotic release in two different media: saline
solution and human plasma.

5 CAMB cylinders were immersed into 30 ml of human plasma (Group I) and 5
CAMB in 30ml of physiological saline solution (Group II). 3 CA cylinders were
immersed into in 30 ml of human plasma (Group III) and 3 CA in physiological saline
solution (Group IV).

All cylinders were incubated at 35-37 °C. Human plasma and saline solution were
refreshed at every taking: every day for the first 7 days, and then once a week for the
next 3 weeks. Human plasma derived from different donors.

Vancomycin (ug/ml) was measured using a fluorescent immunological method
(Tdx, Abbott Lab). Data were analysed with the Mann-Whitney’s test and non-para-
metrical data with Montecarlo.
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Results

The total antibiotic release measured in the four weeks of immersion is shown in
Table 1: Group I showed the highest release (1515 ug/ml), slightly lower values were
measured for Group II and Group IV, the minimum release was measured for Group
I11 (719 pg/ml).

Similar kinetics of antibiotic release was observed in all groups, i.e. peak quantity
of release in the first day of immersion followed by gradual decrease of release in the
following days. Group II and IV, elueted in saline, showed a burst release in the 1st day
followed by a sudden release drop in the next days.

Another observation which related to group II and IV immersed in saline that
showed a burst quantity release in 1st day followed by sudden drop of the curve

Antibiotic total release

bone pla vs cem pla

1600
1400 p=0.04
1200

Table 1. Total vancom-
cyin release in 4
weeks: Group I CAMB
in plasma; Group II
CAMB in saline; Group
III CA in human
plasma; Group IV in
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Antibiotic release

second-fourth week
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Table 3. Vancomycin
release (second-fourth
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(Table 2). Furthermore in the first week of immersion (Table 2), Group Il and IV elut-
ed in saline showed higher release compared to Group I and III, which were eluted in
plasma. In the following three weeks of immersion (Table 3), Group I kept a relatively
higher and constant antibiotic release (588 ug/ml), whereas Group II and III 50 % less
(275 pg/ml and 241 pg/ml respectively), eventually Group IV released the lowest
amount (174 ug/ml) 75 % lesser.

Discussion

During the preparation of the samples we tried to preserve the most similar physio-
logical conditions. The amount of PMMA used was the minimal to obtain component
stability, whereas the amount of antibiotic was the highest amount which could be
mixed.

Human plasma from different donors was used to limit the effect of mono-donor
variable. Control samples (CA), which did not contain bone allograft, were treated in
the same manner, i.e. same quantity of antibiotic and PMMA cement. The material
was incubated in a thermostatic incubator with limited temperature change.

Vancomycin was preferred as it can be easily mixed with the other components and
it is an antibiotic effective against aerobic and non-aerobic bacterial pathogens in bone
infections. Samples with morcellized bone allograft (CAMB) eluted in human plasma
showed a constant antibiotic release, markedly superior to all the other groups.

The lowest standard error was found in Group I which indicated a constant quan-
tity release in relation with the time. The total vancomycin release from CAMB is
higher than from CA.

CAMB has the property to maintain a more constant and higher antibiotic release
when eluted in human plasma. These combinations have been promise group I
(CAMB plasma) as a most favourable group, because it maintains an effective local
therapeutic level of antibiotic for sufficient duration.
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The CA Groups have a fast release, offering an immediate therapeutic level, but for
short duration. The amount released from the samples were superior to the MIC for
streptococcal species (MIC < 1 ug/ml) and enterococcal species (MIC <4 ug/ml), but
not for bacterial species (MIC = 32 ug/ml).

Mechanical testing

Preliminary tests were performed on CAMB and CA cylinders. Tensile strength
showed very low values (0,8 + 0,6 MPa) compared to pure PMMA (30 MPa), while the
compressive strength was about 1/10 (13,6 + 3,7 Mpa) compared to pure PMMA
(80 MPa). This value is comparable to the compressive strength measured for human
cancellous bone.

In vivo biocompatibility

Following the Italian Law on animal experiments, cylindrical specimens of CAMB
(8 mm in diameter, 10 mm in length) were implanted in the trabecular iliac crest of 6
sheep.

After 3 months, a histological and morphometric study showed the direct apposi-
tion of new bone to the composite material surface and matrix. The fluorescent light
test showed bone growth marked with tetracycline all over the section of CAMB.

Conclusion

AMB has high osteoconductive properties and enables to recover of septic lost bone
stock with a high resistance to local chronic infections. It has a good antibiotic release
rate and a good bone induction. As a carrier, we think that it is necessary to have a
longer experience to evaluate its real efficacy. The disadvantage of AMB is the low
mechanical strength. For this reason we studied the in vitro release of vancomycin
from the composite CAMB which showed good release properties. In addition, the
mechanical characterization showed that the composite of CAMB has a compressive
strength comparable to human cancellous bone. The biocompatibility testing con-
tirmed that CAMB has a good bone induction property demonstrated by growth of
new bone after 3 months.

In conclusion, due to these results, CAMB could be considered as a new bio-syn-
thetic opportunity to minimize the morbidity of chronic bone infection.
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Introduction

The defect created by the osteomyelitic destruction and its debridement has always
been seen as an important cause of non-healing. Surgeons therefore have tried to fill
these cavities with all kinds of autogenous tissues and allogenic materials: patients
own skin or muscle, plaster of Paris or gauzes. Since antiseptics were introduced, they
have been mixed with these fillers, e.g. plaster of Paris with carbolic acid or cod liver
oil [4, 8]. And the same happened with antibiotics, which were admixed with plaster
of Paris, as well as to bone grafts or patient’s own blood.

Antibiotics have been increasingly used for prevention of infection, in open frac-
tures but also in joint replacement, in addition to the treatment of established infec-
tions. Buchholz used antibiotic-containing solutions for regular lavage during opera-
tion, and sutured cloths soaked in antibiotics to the fascia [3]. In his search for more
effective reduction of the postoperative deep infections of hip prostheses (as high as
3 %), he was shown by chemists that bone cement was able to release various sub-
stances, as the residual monomer and CusS. So in a pilot study he admixed four heat-
stable antibiotic powders with bone cement and found that, except for tetracycline,
the antibiotics indeed were released by a diffusion process for at least 2 weeks in a
bactericidal concentration. In 1969 studies started by Merck GmbH (Darmstadt, Ger-
many) to develop an antibiotic loaded bone cement, resulted in the gentamicin con-
taining bone cement Refobacin-Palacos® [15, 16].

Pharmacokinetic Studies

Bone cement is based on methyl methacrylate and made by mixing the liquid
monomer with the polymer powder (PMMA). During the curing process a net-
work of newly formed PMMA chains is formed. Various substances, as for exam-
ple antibiotics, can be admixed and are incorporated in between these PMMA
chains. When PMMA absorbs water, these substances are released by diffusion, a
process determined by the hydrophobicity of the cement. The antibiotic release is
influenced by the porosity and roughness of the cement [1]. It has been demon-
stated that antibiotics incorporated into a bone cement can be released, but this is
limited to a depth of 100 pm [10]. The initial high release is a surface phenome-
non, which is then followed by a reduced, but sustained release, which depends on
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bulk porosity, i.e. it depends on the penetration of fluids through connected pores in
the cement [1].

Many brands of PMMA have been tested with many kind of antibiotics showing
similar kinetics of release. As regards gentamicin, Palacos® bone cement shows the
higher release [9, 12, 14, 18].

Release of antibiotics from a carrier is a diffusion process, with exchange of the
antibiotics to water. The maximum release is in the very beginning when the gradient
between the carrier and the surrounding hematoma and tissues is the highest. The
release then deminishes over time, and this is reflected in the local concentration of
the antibiotic in the exudate. [15].

The antibiotic concentration in the tissues depends of the concentration reached
in the exudate around the bone cement. The tissue concentration decreases with the
increase of the distance from the carrier, but also with time. The penetration of the
antibiotic is also influenced by the tissue properties itself: cortical bone can accumu-
late a lower concentration then spongious bone, which can accumulate a lower con-
centration than the haematoma [15].

Newer carriers have been studied in the last decade, and special interest is given to
resorbable carriers, and to the possibility of customized antibiotic choices, eventually
in combinations. Resorbable carriers available now are e.g. collagen, CaSO,, hydroxy-
apatite, tricalciumphosphate, polylactides. The main problem in these newer prod-
ucts is to create a slow release, often a too quick release is caused by insufficient bind-
ing of the antibiotic to the carrier [13], or a burst release when the carriers dissolves.
A good prolonged release of many antibiotics is also realised by admixing antibiotics
to bone grafts in vitro as well as in vivo [19, 20].

The optimal period to maintain a high local antibiotic concentration would be
about 4 weeks, although no hard data are available. This period seems to be necessary
for the diffusion process of the antibiotics in the tissues, especially in presence of
dense structures, such as in scarred soft tissues and sclerotic bone [15].

The concentration that can be achieved with an optimal use of gentamicin beads is
300-400 ug/ml in the exudate, with an accumulation at day 2 or 3 (Fig. 1). For achiev-
ing these concentration it is necessary the application of as many beads as possible in
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Fig. 2. Gentamicin PMMA beads used in a hip
after removal of an infected total hip prosthe-
sis: 360 beads are implanted in the whole area

the cavity, and a haematoma that is as small as possible and with a volume similar to
the volume of the implanted beads. For example, after the removal of a non-hinged
knee prosthesis about 180 beads can be implanted, after removal of a total hip 360
beads (Fig. 2).

An increase in the surface of the beads is reflected by an increase in the release of
antibiotic too [11]. Minibeads can release an amount of gentamicin which is seven
times higher than standard Septopal beads [17].

There are some very important differences between the pharmacokinetic proper-
ties of beads and spacers. Commercially available gentamicin PMMA beads have a
higher porosity, compared with hand made beads or spacers. This decreases the gen-
tamicin release per cement surface. Even more important is the large difference in
surface, when beads are compared with spacers. Since the antibiotic release is a sur-
face related diffusion process, the release of spacers largely decreased as compared
with beads with the same total volume.

This is the reason why spacers, which have a reduced surface as compared to
beads, cannot reach such high local antibiotic concentrations [6]. As a personal expe-
rience, after the implantation of a spacer an exudate concentrations not higher than
50 ug/ml and decreasing after the operation was measured (Fig. 3).

So a better release of antibiotic from a carrier at the infected site can be achieved
by: 1) alarge surface of the carrier; 2) a more porous structure of the carrier; 3) a car-
rier that dissolves and so releases its content completely; 4) a higher antibiotic con-
centration in the carrier; 5) the election of a carrier with good release properties
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Fig. 3. Gentamicin concentration in the exudate of a patient after extraction of an infected total
hip and implantation of a spacer. The concentration decreases after implantation of the spacer in
1-2 days to a low level

Conclusion

Nowadays the use of antibiotic-loaded acrylic cement (ALAC) in total joint proce-
dures is widespread and a substantial body of evidence demonstrates its efficacy in
infection prevention and treatment [5, 7]. In the management of the of infected
implant sites the use of ALAC has reduced reinfection rates in one-stage exchange
revision. The use of ALAC in the form of beads and spacers in two-stage revision has
also demonstrated to reduce the infection rate [7].

Spacers are helpful in revision of infected arthroplasties in technical point of view.
They maintain the space for the prosthesis in case of delayed reimplantation, as in
two-stage revisions. That is more important in knees then in hips. The release of the
scarred tissue of the hip in case of a Girdlestone situation, and restoration of length
is not easy after a year, but can be achieved. In knees however, after removal of the
prosthesis weight-bearing is not possible without damaging the bone surfaces, and
the ligaments are definitely shortened. Reimplantation of total knee prostheses would
result generally in a knee with a bad function, so without much advantage over a knee
fusion. That is why at our Institute in the past reimplantation was done immediately
after infection treatment, so only a short-term two-stage procedure was possible, and
not a long-term interval procedure. Therefore mostly we preferred an artrodesis.
This has changed since the introduction of the spacers, giving more time to wait and
see if the infection has healed.

The above mentioned pharmacokinetic considerations, and the experience with
gentamicin beads as a powerful and surgeon-friendly instrument in the treatment of
infected prostheses has resulted in the following approach of deep infected arthro-
plasties:
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. removal of prostheses and all cement, debridement, implantation of gentamicin

beads (as much as possible in the whole infected area), i.v. antibiotics

. after 2 weeks repeated debridement if necessary, again beads, otherwise step 3
. if healing seems appropriate: extraction of beads, implantation of a preformed

spacer

. 1 week after the last operation: switch to oral antibiotics until 6 -12 weeks post-

operative.

. 6 weeks after stop of antibiotics punction of the joint cavity, culture. Attention in

the laboratory to slow growing bacteria, also caused by the local antibiotics

. If culture is negative: reimplantation of the prosthesis. If any doubt as a short-

term two stage procedure with again a 2 week gentamicin bead treatment. This
offers the opportunity to re-debride and to take many deep tissue samples for
culture, and to individualize eventually the bone cement to be used in the reim-
plantation.

Although the literature is rather positive about the clinical results in the use of
spacers [7] , there is probably a considerable publication bias, non-publication of
bad results, as usual in new treatments. Moreover, as in the beginning period of the
beads in the seventies, spacers as a new approach are again used as a magic tool in
the treatment of infections, used by surgeons without many experience in the treat-
ment of infections, and without realizing the limits of the treatment on the basis of
the pharmacokinetic properties.
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Introduction

Except for death and major vascular or neural injury, infection is the most feared
complication associated with total hip replacement. Today, infection is uncommon
but it is nonetheless of major concern because of the high monetary and personal cost
required to resolve the complication.

In Charnley’s reports of complications of low friction arthroplasty (LFA) per-
formed by him, he indicated that the only appropriate treatment for infection was
converting these hips to pseudoarthrosis. Though Charnley was opposed to replace-
ment of previously infected hip arthroplasty prostheses, he reported good results
when treating ancient septic arthritis with LFA and in patients who had infection in
their opposite hip [7, 12].

Incidence and Prevention of Infection

In the early history of total hip replacement, without antibiotics or environmental
control, the infection rate was disturbingly high, up to 11 percent (Table 1) [33].
When antibiotics began to be administered shortly before and for a brief time after
surgery, the average infection rate for several series was reduced to 1.3 percent (Ta-
ble 2) [33]. In contemporary series, the infection rate was 0.7 percent with the use of
“clean” rooms when antibiotics were not added and 0.6 percent when antibiotics were
added (Tables 3 and 4) [33]. The combination of an operating room with ultravio-
let light and antibiotic administration resulted in an infection rate of 1.0 percent
(Table 5) [33]. The difference in infection rates with the regular operating room and
no antibiotics versus all other groups was highly statistically significant (p <0.001).
The incidence of infection in groups in which operations were performed in a “clean”
room, whether or not antibiotics were given, was significantly less than the incidence
in other groups (p <0.01) [33].

The efficacy of unidirectional airflow operating rooms in reducing infection rates
for total hip replacement was confirmed by Lidwell and associates, and the efficacy of
antibiotics has been validated in many studies [21 - 23, 34]. Infection rates have been
especially low in large series of total hip replacements in which both unidirectional
airflow and antibiotics were employed. In one series of 659 arthroplasties, the com-
bined early and late infection incidence in procedures performed without structural
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Table 1. Deep infection

Investigators N° of Cases/Infections Percent (%) . .
in regular operating

Charnley 190/13 6.8 room and without

Maller 683/27 40 antibiotics

Wilson et al 100/11 11.0

Patterson and Brown 368/30 8.2

Benson and Hughes 321/17 5.3

Murray 126/5 4.0

Ritter et al 96/6 _6.5

Total 1880/109 5.8

Investigators N° of Cases/Infections Percent (%) '!'able 2. Deep 1nfeF tion
in regular operating

Eftakhar et al 800/4 0.5 room and with antibi-

Fitzgerald 3215/42 1.3 otics

Murray 622/7 1.1

Lowell and Kundsen 621/19 3.1

Leinbach and Barlow 275/4 1.5

Welch et al 150/0 0

Collis and Steinhaus 298/0 0

Irvine et al 167/4 2.4

Bentley and Simmonds 117/2 1.7

Salvati 526/8 1.5

Total 6791/90 1.3

Investigators N° of Cases/Infections Percent (%) T.able 3 Deep infec-
tions in clean room

Bradley 300/3 0.8 operating room and

Charnley 2152/12 0.6 without antibiotics

Ritter et al 278/3 1.1

Total 2730/18 0.7

Investigators N° of Cases/Infections Percent (%) T?ble 4 Deep infec-
tions in clean room

Nelson 243/0 0 operating room with

Irvine et al 107/1 0.9 antibiotics

Welch et al 600/0 0

Leinbach and Barlow 425/3 0.7

Bentley and Simmonds 130/1 0.8

Salvati 1249/12 1.0

Total 2754/17 6

Investigators N° of Cases/Infections Percent (%) T.able 5 Deep mn fec-
tions in ultraviolet

Lowell and Kundsen 665/5 0.8 light operating room

Goldner et al 700/8 1.1 and with antibiotics

Total 1365/13 1.0

bone grafts was 0.38 percent in primary operations. No infections were observed in
104 revisions. Infections were much more common when structural grafts were nec-
essary, occurring in 6.8 percent of primary procedures and 3.0 percent of revision
operations [42]. In another series of 1007 hip replacements, only 0.2 percent were
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associated with infections [31]. Another report revealed infections in 0.42 percent of
primary arthroplasties and 0.47 percent of revision arthroplasties, for an overall inci-
dence of 0.43 percent in 932 hip replacements [14].

In most series, the incidence of infection has been lower in patients who had pri-
mary hip arthroplasties than in patients who had previous surgery, whether total hip
arthroplasty or other procedures, such as internal fixation. In one series of 711 hip
replacements, the incidence of infection with primary surgery was 1.6 percent,
whereas that with secondary surgery was 3.5 percent [34]. Some investigators have
reported a relatively high infection rate in patients with rheumatoid arthritis. In one
large series of total hip replacement, the overall infection incidence was 0.89 percent,
but 1.2 percent of patients with rheumatoid arthritis developed infections [38]. Other
risk factors for infection include presence of remote infections at the time of opera-
tion, immunosuppression, operative or postoperative complications, and positive
culture findings of bacteria from postoperative wound discharge [45].

In the early development of total hip arthroplasty, previous infection in the hip,
even if many years before, was considered a contraindication to this procedure [6].
Numerous reports now document that total hip arthroplasty can be performed suc-
cessfully after previous sepsis, whether associated with hip replacement, another
implant, or some other factor. The prognosis is worse if sepsis is active at the time of
hip replacement surgery and for certain bacteria, especially Gram-negative organ-
isms [1, 4, 8, 17, 18, 20, 26, 30, 40, 47].

Staphylococci are the bacteria most commonly isolated from infected total hip
replacements. In most series, Staphylococcus epidermidis is more common than
Staphylococcus aureus. Gram-negative organisms occur much less commonly but
may be more difficult to treat and eradicate, in part because of their antibiotic sensi-
tivity profile. Anaerobes may be the causative infectious agents in total hip arthro-
plasty, and careful culture techniques for these organisms are essential (Tables 6 and
7) [4, 9, 28]. Less commonly, infections may be associated with atypical mycobacteria
and fungi [10, 15]. Mycobacterium tuberculosis may cause infection of total joint
prosthesis, usually in a patient with previous infection of the hip associated with the

Table 6. Microorgan-
isms isolated from

Organism N° of Isolates

specimens taken at Staphylococcus epidermidis 37
the time of resection Staphylococcus aureus 19
arthroplasty Streptococcus viridans 10

Group-D Streptococcus
Escherichia coli

Proteus mirabilis
Pseudomonas aeruginosa
Enterobacter
Acinetobacter
Peptococcus

Bacillus ssp.
Corynebacterium ssp.
Bacteroides ssp.
B-hemolytic Streptococcus
Propionibacterium acnes
No organism isolated

McDonald DJ, Fitz-
gerald RH Jr,, Ilstrup
DM (1989) ] Bone
Joint Surg (Am) 71(6):
828-34

By permission.
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Diagnosis N° of Cases Table 7. Organisms
cultured

Staphylococcus epidermidis 17*%
Staphylococcus aureus 5%
Pseudomonas aeruginosa 2
Enterobacter

Microaerophilic Streptococcus

Escherichia coli

Propionibacterium acnes

Bacteroides fragilis

Staphylococcus epidermidis and enterococcus

X

— == NN

* Recurrence

Callaghan JJ, Salvati EA, Brause BD et al (1985) Reimplantation for
salvage of the infected hip: rationale for the use of gentamicin-
impregnated cement and beads. The Hip. Edited by Robert H. Fitz-
gerald, Jr. St. Louis, C. V.

Mosby Company, 1985. By permission

same organism. Recurrence of infection is reduced by appropriate chemotherapy at
the time of and after the hip replacement [19, 41].

Most infections associated with total hip arthroplasty occur when bacteria gain
access to the wound at the time of surgery. Infections resulting from hematogenous
spread of organisms from remote sites have also been documented [24, 25, 27, 43, 44,
46]. These infections are usually associated with active infection elsewhere in the
body. Bacteria from uninfected areas, such as those released during dental work or
genitourinary manipulation, are much less common causes of infection in hip repla-
cemtns [43, 46]. Lindquist and Slatis [25] reported three total hip replacements
infected with microaerophilic Streptococcus viridans following dental procedures.
Strazzeria and Anzel [44] reported a hip infection and Actinomyces israelii, an organ-
ism associated with dental caries and believed to exist almost exclusively in the
mouth. This patient had not received antibiotics at the time of a tooth extraction.

These problems emphasize the importance of vigorous antibiotic treatment of any
infection and a short course of antibiotic treatment for major dental procedures, gen-
itourinary and bowel manipulations, and similar procedures that are known to cause
significant bacteremia in patients who have total joint prostheses. Antibiotic selec-
tion is based on the organisms commonly present in the area of manipulation. The
medication should be given about 1 hour before the procedure, if taken orally, and
closer to the time of the procedure if administered parenterally. An additional oral
antibiotic does 4 to 6 hours after the procedure may be wise.

Revision Total Hip Arthroplasty for Septic Failure

When infection occurs, treatment of infection in association with total hip arthro-
plasty may include 1) suppression of infection with antibiotic therapy, 2) early
debridement with retention of the prosthesis, 3) one-stage revision, 4) two-stage revi-
sion, 5) resection arthroplasty, and 6) arthrodesis. Suppression with antibiotics is not
curative and in many cases these patients eventually have treatment by one of the sur-
gical options. The advantages and disadvantages of resection arthroplasty are well
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known. This excision arthroplasty often provides a significant reduction in pain but
poor and often disabling functional results. Patients are easily fatigued because of
weakness of the lower extremity and the increased energy required by the use of
external support [2, 16, 29, 35].

One-Stage Exchange Arthroplasty for Septic Total Hip Replacement

Buchholz [3], a pioneer of one-stage exchange, has recommended this procedure as
the treatment of choice for most deep infections involving a total hip replacement.
The procedure requires excision of soft tissue and removal of the implant and cement.
A new prosthesis is implanted immediately, using bone cement that contains antibiot-
ics. Antibiotics are administered intravenously as well. Buchholz reported a 77 per-
cent success rate in 583 patients and a 90 percent success rate when subsequent
exchange procedures were performed after failure of the original revision.

Wroblewski [48] recorded a 75-percent success rate with one-stage revision with-
out antibiotics in the cement. He later reported that the addition of gentamicin to the
cement in revision surgery for deep infection increased the success rate from 75 to 91
percent [49].

In 1982, Miley, Scheller, and Turner [30] reviewed the results of one-stage reim-
plantations of 101 infected total hip arthroplasties. An antibiotic cement was used.
After a minimum follow-up of 32 months, the infection had resolved in 87 hips.

Harris [13] reported the results of one-stage exchange arthroplasty in 18 patients
followed for an average of 42 months. Treatment included antibiotic cement, intrave-
nous antibiotics for 6 weeks, and oral antibiotics for several additional months. The
success rate, as measured by the absence of sepsis and excellent functional results,
was 78 percent.

Nasser, Lee, and Amstutz [32] reported the results of direct exchange arthroplasty
for 30 septic total hip replacements after an average follow-up of 4 years. These direct
exchanges were performed in patients who had antibiotic-sensitive organisms and
viable soft tissues. Meticulous debridement was carried out to remove all infected
implant, including all cement. Appropriate antibiotics, based on preoperative culture
results, were placed in the cement in 28 of the 30 cases. On follow-up, all patients dem-
onstrated good pain relief and improvement in function. No evidence of recurrent
sepsis was observed. Two reoperations were necessary, both for aseptic loosening.
These investigators concluded that direct exchange is an effective method for treat-
ment of sepsis due to Gram-positive organisms.

Balderston and colleagues [1] reported a success rate of 83 percent for revision of
infected total hip arthroplasties. Statistically significant negative prognosticators
included the number of previous operations, elevated sedimentation rates, and gross
infections at the time of surgery. Every conversion to total hip arthroplasty due to
infection associated with other hip implants, such as sliding hip screws and other
fracture fixation devices, was successful.

Two-Stage Revision of Septic Total Hip Replacement

In the United States, two-stage revision is a more popular treatment for infected total
hip arthroplasty than one-stage revision. Reported success rates vary from 60 to 95
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percent. Many of the earliest two stage revisions were initiated as resection arthro-
plasty or pseudoarthrosis as the definitive treatment. Because of poor function often
accompanied by pain, courageous surgeons and equally courageous patients decided
to attempt conversion of the pseudoarthrosis to another arthroplasty. Because many
of these pseudoarthroses had been performed months to years previously, these con-
versions were difficult. Charnley stated that conversion of pseudoarthrosis to total
hip was perhaps the most difficult of all hip arthroplasties that were secondary to pre-
vious hip operations.

Early in the history of revision hip arthroplasty for infection, the basic treatment
between two stages was pseudoarthrosis. The patient was often placed in traction for
at least a portion of the interval between stages. Some surgeons used continuous or
intermittent flow of fluid, usually containing antibiotics. However, it was learned that
this technique carried the risk of wound contamination with bacteria that were often
resistant to antibiotics so the technique was abandoned.

None of the 82 two-stage revisions for infection reported by McDonald and col-
leagues [28] in 1989 incorporated antibiotics in the cement. Infection recurred in 13
percent of the cases, with an average follow-up of 5.5 years. Three of the seven
patients in whom some cement had been left experienced a recurrence of infection.
Seven recurrent infections occurred among the 26 patients who had surgery within a
year, whereas only four occurred among the 56 patients who had reimplantations
more than a year after resection arthroplasty. The conclusion of this study was that a
two-stage reconstruction is an effective, safe technique, even when virulent organ-
isms such as Gram-negative bacilli, Group D streptococci, or enterococci cause the
infection.

Gustilo and Tsukayama [11] treated 18 patients with removal of the infected
implant and thorough surgical debridement, followed by insertion of antibiotic-bone
cement beads. Parenteral antibiotics were administered, and cementless revision
with autogenous bone graft was performed 6 weeks later. During follow-up, which
averaged 19 months, infection recurred in two hips. These preliminary results sug-
gested that a cementless revision is a reasonable alternative to a cemented revision.

Pinto and coworkers [37] evaluated the results of two-stage revision with cement-
less components in 17 patients managed with resection arthroplasty followed by 4
weeks of parenteral antibiotics. The interval between the first and second stage was 3
months for Gram-positive infections and 12 months for Gram-negative infections.
The average Harris hip score was 86 after an average follow-up of 32.1 months. No
recurrent infections occurred, and none of the patients required further surgery.

Salvati and colleagues [39] evaluated antibiotic-impregnated cement in both one-
stage and two-stage reimplantations. A total of 21 revision arthroplasties were per-
formed in one stage, and eighteen were performed in two stages. The conditions of 32
hips was assessed after 4 years, at which time 22 hips had excellent results, 8 had good
results, and 2 had fair results. Three recurrences of infection were reported. Progres-
sive radiolucencies were seen about the acetabulum in 13 percent of the cases, and
femoral radiolucencies were seen in 16 percent.

Carlsson and associates [5] described early results in 59 patients who underwent
one-stage reimplantations and 18 who under-went two-stage revisions. The interval
between the resection and reimplantation in the latter group varied from 2 to 4
months. After follow-up of 6 months to 3-1/2 [2] years, five hips that had been
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treated with one-stage reimplantation were infected and eight were doubtful. Three
recurrent infections and one doubtful after the two-stage procedure were noted. The
difference between the two groups was not statistically significant.

Local Delivery of Antimicrobial Agents

Systemic administration of antibiotics will deliver bactericidal levels of the agent to
the wound, but higher levels may be achieved locally while keeping systemic levels
low. This may be especially advantageous with antibiotics with a high potential for
toxicity. Antibiotics may be delivered locally to wounds by 1) an irrigation system, 2)
an implantable port or infusion pump, or 3) placement in a material, such as bone
cement, that is left in the wound. Depot administration of antibiotics released from
other materials, including absorbable polymers, is under investigation.

Because prolonged use of closed suction-irrigation systems is generally to be
avoided, this is not a suitable method for local delivery of antibiotics. When this tech-
nique was used extensively, local levels of antibiotic higher than those achieved with
systemic administration could not be maintained without increasing the systemic
levels to the toxic range, because of systemic absorption from the wound. The effec-
tiveness of the second option, use of implantable ports and pumps for local adminis-
tration of antibiotics, has not yet been established.

Experimental studies in animals indicate that antibiotic-bone cement combina-
tion is highly effective in preventing infection of implants in wounds contaminated
with bacteria [16]. The use of bone cement, both in bulk form and as beads, has been
studied extensively for depot administration of antibiotics. All bone cements release
most antibiotics studied. Aminoglycosides are preferred for depot administration in
bone cement because of their broad spectrum and bactericidal activity, low potential
for allergic reactions (none have been reported), thermal stability, and solubility in
water. Although usually used for treatment of infections caused by Gram-negative
bacteria, aminoglycosides are highly effective against staphylococci and moderately
effective against streptococci [4].

Extensive European studies of cement containing an antibiotic, usually an amino-
glycoside, for revision of infected total hip arthroplasty (often one-stage revision),
yield a success rate ranging from 60 to 90 percent cure of infection [3, 5]. Chains of
beads for antibiotic delivery in the wound are placed extensively throughout the
wound, including inside the femoral canal. The wound must be closed and suction
drainage discontinued as early as feasible to maintain a high concentration of the
antibiotic in the wound. Most of the antibiotic is released in the first several days. If
the beads are left in the wound for longer than 2 to 3 weeks, they may be difficult to
remove because extensive scar tissue forms around them [4].

Surgeons have used hand-made spacers in the operating room, either free form or
from molds, for many years in an attempt to maintain space for the subsequent place-
ment of a revision prosthesis. Some have suggested that the spacers made from molds
may allow improved function but these spacers are prone to failure when stressed
because of their low structural integrity. In addition, because antibiotic is added in
the operating room, its distribution in the cement may be irregular leading to incon-
sistent antibiotic release.
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The technique of sterilizing the failed prosthesis and replacing it in the hip joint
with cement containing antibiotics has been used by some in an attempt to provide
improved function during the interval between stages. Though it does allow for more
function between stages, this technique has the disadvantage of high time consump-
tion during the operation and the placement of a foreign body that, though sterile,
may include a proteinaceous biofilm that might provide an environment for bacterial
growth.

More recent developments for treating hip arthroplasty infections in two stages
include preformed antibiotic loaded spacers. These preformed spacers are especially
advantageous because of their convenience, structural integrity, and their consistent
release of antibiotic.
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Infection — A Two-stage Revision
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Introduction

The most common complication of joint replacement is an aseptic loosening followed
by prosthetic joint infection. The infrequent complication of prosthetic joint infec-
tion occurs with a frequency ranging from 0 % to 15 % [11]. The mortality rate associ-
ated with a deep prosthetic infection is estimated to be 2.7 % -18 % [1, 9].

The principle treatment can be divided into four procedures [4]. 1) Antibiotic
therapy without any surgical intervention: there is a low rate of success with this
treatment combined with the necessity of prolonged antibiotic administration. This
treatment should be reserved for patients which are not candidates for surgical
removal of the implant. 2) Definitive resection arthroplasty (girdlestone situation)
combined with an antibiotic treatment: the results are acceptable for treating the
infection but the patients are limited in their function. This procedure is recom-
mended in cases of recurrent infections, and in patients who are not considered
ambulators. 3) Surgical debridement with retention of the prosthesis and long-term
antibiotic therapy: this procedure can be chosen in the early postoperative infections
(2-3 weeks) with an organism that is non-virulent. 4) Surgical revision with an
exchange of the hip prosthesis in combination with systemic and/or local antibiotic
therapy. The most common procedure is a single- or two-stage revision, both with
acceptable results [6, 12].

Diagnosing the infection preoperatively requires the use of clinical, radiologic and
hematologic assessment as well as an aspiration biopsy from the involved joint. An
intraoperative biopsy of the periprothetic interface membrane for microbiological
and histopathological analysis is taken to determine the organism and determine the
antibiotic treatment prior to the second stage of reimplantation.

Material and Methods

From 01/2005 to 12/2005 we performed a revision hip surgery secondary to a peri-
prosthetic joint infection in 22 patients (14 female, 8 male). Joint fluid was aspirated
from all patients before revision and investigated for organisms by bacteriologic cul-
ture (duration of 14 days). In 15 hips a periprosthetic joint infection was present with
aloose implant, in 7 joints a removal of a well fixed implant was necessary. During the
first revision (removal of the septic prosthesis, osseous and soft tissue debridement)
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A : Table 1. Histopatho-
DRaRic ot taling logical conser?sus clas-
sification of the peri-

prosthetic interface
membrane [6]

I Periprosthetic membrane of the wear particle induced type
II Periprosthetic membrane of the infectious type

III  Periprosthetic membrane of the combined type (I/II)

IV Periprosthetic membrane of the indeterminate type

tissue samples from the neocapsule and interface membrane were retrieved and bac-
teriological cultures and histopathological grading performed (Table 1).

Depending on the status of the infection, the bacterial identification and histologi-
cal data as well as the patient’s clinical evaluation, a two-stage revision or a definitive
girdlestone operation was performed. A second aspiration culture of joint fluid was
performed in patients with a planned reimplantation and was completed one week
after the end of antibiotic treatment (culture duration: two weeks). Reconstruction
was only considered if aspiration material from the joint was microbiologically ster-
ile, radiographs showed normal findings and the laboratory parameters C-reactive
protein (CRP), leukocytes blood count and erythrocyte sedimentation rate (ESR)
were normal. Cemented, cementless or augments were utilized based on the amount
of bone stock that remained at the time of reimplantation of a revision prosthesis.

Results

Aspiration performed preoperatively gave true positive results in 72.7 % (n = 16) and
false negative in 27.3 % (n = 6), in soft tissue culture the true positive values reached
81.8 % (n = 18), the false negative values 18.2 % (n = 4). A high corresponding level of
histopathological findings could be registered.

In 2005 a two stage revision was performed in 13 patients. In one case a preformed
spacer was used, but because of a persistent infection a second revision was necessary
and a definitive solution was not realized yet. In eight patients a girdlestone procedure
was done. In two cases of them a two-stage revision was possible and completed in the
following year, in six patients a definitive girdlestone hip was preferred (Table 2).

Recurrence of infection was observed in three patients (two girdlestone hips, one
patient with a cement spacer).

Antibiotic treatment after revision surgery lasted 4 to 12 weeks.

Mean follow-up from reimplantation/definitive girdlestone up to clinical and
radiological evaluation was 12 months (6-18).

The evaluation of the plain radiographs of the 13 patients who had a revision
arthroplasty revealed periarticular ossification according to Brooker [2] in 4 cases:
grade I'in 2 (15.4 %) and grade ITin 2 (15.4 %) patients. No cases of grade III or IV
were observed. Loosening due to progressive migration of the implants was not seen
in the short follow-up.

In these 13 patients, the remaining difference in leg length on the affected side was
-0.8 cm (range —4.5 to +2.5). The Merle d’Aubigné score improved from 6.2 (range
3-15; median 6) points at the time of the girdlestone situation to 9.9 (range 6-17;
median 10) points at the control after reconstruction. The HHS increased from 28.9
(range 4.7-74.1) to 46.9 points (range 13.9-81.7; median 48).
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Table 2. Cumulative data of revision arhroplasty

No. Diagnosis  Joint fluid Soft tissue Histo-  Antibiotics Surgical
(N° of aspiration culture pathol. procedure
previous grading
operations)
1  peripros- Negative B-haem. strept. 11 amp/sulbact  two-stage-revision
thetic joint (B) ciproflox
infection S.capitis
[PIT] (2) S.haemoliticus
2 PJI(4) Negative S. epidermidis 11 clindamycin  two-stage-revision
S. aureus
3 PJI(1) Negative S. aureus I clindamycin  two-stage-revision
4 PJI(1) Negative S. epidermidis IV clindamycin  two-stage-revision
5 PJI(2) S. epidermidis  Negative I amp/sulbact  two-stage-revision
6 PJI(1) S. epidermidis  S. epidermidis II clindamycin  two-stage-revision
linezolid
7 PJI(2) Gram(+) cocci  Negative v amp/sulbact two-stage-revision
8 PJI(3) Gram(+) cocci  E. coli v ciproflox two-stage-revision
ampicillin
9 PJI(2) Negative S. aureus 1A% clindamycin  two-stage-revision
10 PJI(1) S. epidermidis . epid. v vancomycin  two-stage-revision
rifampicin
11 PJI(1) S. aureus S. aureus 11 vancomycin two-stage-revision
rifampicin
12 Girdlestone S. aureus® S. aureus® II vancomycin  two-stage-revision
2) rifampicin
13 Girdlestone S. aureus® S. aureus® II vancomycin  two-stage-revision
2) rifampicin
14 PJI(12) P.aeruginosa  P. aeruginosa I ciproflox spacer (Cemex®)
gentamicin
15 PJI(2) E. coli Negative I amp/sulbact  girdlestone®
16 PJI(2) E. faecalis E. faecalis ILIV  moxifloxacin  girdlestone
clindamycin
17 PJI(2) KNS KNS I clindamycin  girdlestone®
E. faecalis E. faecalis
18 PJI (6) P. mirabilis P. mirabilis 11T vancomycin  girdlestone®
S. aureus S. aureus rifampicin
E. coli E. coli

P. aeruginosa
K. pneumoniae

19 PJI(1) S. aureus S. aureus I vancomycin  girdlestone®
rifampicin
20 PJI(5) PB-haem. PB-haem. ILIV  vancomycin  girdlestone®®
strept. (B) strept. (B) rifampicin
MRSA MRSA
21 PJI(1) S. aureus Negative II clindamycin  girdlestone
22 PJI(3) Negative E. faecalis I amp/sulbact  girdlestone(®

@ bacterial species before/during explantation and debridement
® final solution because of general diseases

© final solution because of neoplasm/metastasis

@ final solution because of multi-resistant bacterial spectrum

The use of walking aids was necessary in all cases of girdlestone situation and in one
patient using a preformed spacer (9) and in 10 patients after two-stage-revision,
3 patients were able to walk without any walking aid.
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Discussion

Revision of septic hip prosthesis with implant removal in one- or two-stage is the
most common solution adpoted for the treatment of chronic infection. One-staged
revision may be considered for patients without additional chronic disease, good vas-
cularization of soft tissue and bones and bacteria susceptible to antibiotics [10]. Two-
stage revision offers the advantage to postpone in a delayed stage, once infection has
been eradicated, the choice of the type of reimplantation [12]. Over the last ten years,
two-stage revision together with the use of antibiotic-loaded cement spacers has been
increasingly used with infection eradication rate exceeding 90 % [5].

The present study shows that a periprosthetic joint infection can be revised with-
out local application of antibiotics to the infected area using a two stage procedure.

The lack of of negative microbiological results due to aspiration or soft tissue cul-
ture is often caused by antibiotic treatment in the beginning of clinical symptoms.
The higher sensitivity of soft tissue culture of the interface membrane and the histo-
pathological grading gives a sufficient support to decide about the therapeutical
management in a two-stage revision.

The reinfection rate can be minimized using an algorithm consist of microbiologi-
cal and histopathological assessment combined with a surgical and well defined anti-
biotic treatment. We are using this procedure since more than two years with demon-
trated satisfying early results.

The usage of allogene bone material is only applicable in an infectionless stage.
With a two stage procedure we are able to avoid revision implants in some cases of
bone stock deficiency performing an allogene bone grafting of the acetabulum or
using a structured bone graft for reconstruction of the proximal femur. It has been
described that a successful bone augmentation in a postinfected stage is possible [6].

Our first results demonstrate the minor relevance of local application of antibiotic
loaded spacers or beads in two-stage revision of septic THA and underline the signifi-
cance of radical surgical debridement for successful therapy. Other techniques like
the usage of a custom-made or a preformed spacer are possible [7, 8] but the pre-
sented technique is simple, cost-efficient and shows comparable efficacy to the cur-
rent standard.
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Introduction

Total hip replacement (THR) has revolutionized orthopaedic surgery. Each year mil-
lions of traumatic, inflammatory or degenerative hip joint lesions favourably are
treated with THR worldwide. Although meanwhile a routine procedure, infections
inevitably occur in a certain percentage of interventions, depending from a variety of
accompanying circumstances. Today, the risk of infection for primary THR is esti-
mated around 1 %, in revision cases it may rise up to 20 %. It may be expected that the
real number is even higher since detection of infection not always is feasible [4, 11,
13]. The absolute number of patients with infection continuously increases as the
number of patients requiring THR and revisions grows.

Treatment of infected THR most frequently includes removal of the implant and
long-term antimicrobial treatment with re-implantation after all signs of infection
have ceased. Such cases still are considered a disaster, both for the patient and for the
treating team. Reasons for the difficulties in treatment include the specific adherence
of bacteria to foreign material [8] and the poor penetration of antibiotics into
infected osseous sites. After removal of necrotic bone the remaining defects must be
filled. Leaving the dead space would result in early re-infection and diminished
mechanical stability.

Dead space management therefore represents one critical point of septic surgery.
For filling the defects bone grafts would be most advisable, since they may restore
bone stock and grant immediate mechanical support. However, usual grafts can only
be applied several weeks after debridement when all signs of infection have ceased.
Otherwise the non-vital grafts immediately would become re-colonised with remain-
ing bacteria.

To overcome the inferior performance of systemic application in bone infections
local administration of antibiotics has been in use since long. Major concern of stud-
ies investigating locally applied antibiotics has been efficacy against bacteria as well
as compatibility with surrounding tissue. Among all tested antibiotics vancomycin
has been suggested as most suitable, since it provides bactericidal activity against the
most relevant germs and shows the least cytotoxic effect against growing osteoblasts
[5,10]. As another excellent option for local application aminoglycosides are in clini-
cal use since several years and have proven efficacy and good compatibility with vital
tissue [9]. For local application of the antibiotics a carrier with good storage capacity
is needed.
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Bone cement (Polymethylmetacrylate, PMMA) is most widely evaluated as an
antibiotic carrier. It provides dead space management as well as prolonged release of
antibiotics and therefore is in use in one stage procedures since more than 30 years
[1]. However, several possible disadvantages must be taken into account: 1. there is no
restoration of bone stock, 2. sclerotic bone, which is present in most revision cases,
does not interconnect properly with PMMA, 3. in case of failure the consecutive revi-
sion is rather difficult since the cement must be removed again, 4. the “empty” carrier
may act as bed for new colonization with surviving selected bacteria [12]. These con-
cerns certainly are some of the reasons, why this approach did not gain widespread
popularity.

To overcome the disadvantages of cement uncemented implants and biological
carriers have been suggested as an alternative. Cancellous bone shows a large surface
after purification on which antibiotics can adhere. Witso et al. have shown, that sev-
eral antibiotics may be stored and released by allograft bone [18, 19]. The same group
has used netilmicin in combination with allografts for reconstruction in revision hip
arthroplasty and found no adverse effects [17]. Buttaro at al. favorably used vancomy-
cin impregnated grafts for reconstruction after infected THR [3]. Although concen-
tration in the postoperative drainage fluid was extremely high they did not observe
any adverse effects, neither systemically nor in graft incorporation [2]. However, both
groups have used the grafts only in the second stage of a two stage revision after reso-
lution of clinical, laboratory and radiological evidence of sepsis.

Our own in vitro studies, using a proprietary impregnation technique, revealed
high initial concentrations of antibiotics in areas adjacent to antibiotic impregnated
grafts with a prolonged release for several weeks [16]. The aim of our study was to
investigate the performance of these compounds under the conditions of florid infec-
tion together with uncemented implants.

Material and Methods

Between 1998 and 2004, 37 patients with culture proven deep infection of a THR were
treated using a standardized protocol. Loose implants were removed and meticulous
excision of all PMMA, granulation, necrotic and infected tissue was performed.
Cleaning was finalized using intensive pulsed lavage with saline. The cleaned sites
were evaluated for bone deficiencies and consecutively filled with antibiotic impreg-
nated bone graft.

The grafts originated from cadaveric donors, procured following the protocols of
the European Association of Tissue Banks [6]. The retrieved cancellous parts were
morsellized to granules with a diameter between 2 and 6 mm and cleaned thoroughly
from marrow and adhering soft tissue leaving intact structures of bone matrix and
mineral content. The bone was impregnated with high loads of antibiotic, using a spe-
cific incubation technique [16].

There were two options of antibiotic impregnation: vancomycin or tobramycin,
the choice being dependent on the causative pathogen isolated. Vancomycin was used
in all cases, combinations with tobramycin in cases of mixed infections. The impreg-
nation procedure produced an antibiotic-bone compound (ABC) with high levels of
antibiotic inside the graft: For vancomycin levels were in the range of 100 mg per 1 cc
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Fig. 1. Antibiotic bone compound (ABC)
ventrally and dorsally of a Zwey-mueller stem
and in the acetabulum

of bone, for tobramycin in the range of 75 mg per 1 cc. On average an amount of 80 cc
of ABC was used per case (range: 30 to 150 cc). After gross preparation ABC was filled
into cavities using a modified technique of impaction grafting [7, 14] followed by
preparation of the bone for the insertion of chosen implants. All prosthetic implants
were anchored following the principles of press-fit fixation without additional use of
cement.

The choice of the respective implants was dependent from the amount of accompa-
nying bone defects, in uncomplicated cases a hemispheric cup was preferred in com-
bination with a rectangular diameter stem. Fixation intraoperatively was qualified as
stable in all cases. After insertion of the implant ABC was placed around eventually
uncovered parts, in special ventrally and dorsally of the proximal parts of the stem
(Fig. 1). Wounds were drained for three days and closed immediately. Perioperative
antibiotic treatment consisted of second generation cephalosporines intravenously
for two weeks. Postoperatively levels of vancomycin were monitored both in the
drainage fluid and in serum.

Cultures taken intraoperatively revealed growth of coagulase-negative staphylo-
cocci (18x), Staphylococcus aureus (11x), methicillin-resistant S. aureus (MRSA) (4x),
enterococci (9x) and other Gram-positive pathogens (3x), respectively. In 6 hips Gram-
negative germs were found additionally. All of them were susceptible for either vanco-
mycin or tobramycin or both. Postoperative mobilisation did not differ from non-sep-
tic surgery. Patients were evaluated clinically and radiographically 2 weeks, 6 weeks,
3 months, 6 months and one year after surgery and then annually. Laboratory data were
collected the same time and included CRP, ESR, blood count, urea and creatinine.
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Results

Postoperative serum levels of vancomycin were between 0 and 3.9 pg/ml with a
median of 0.2 ug/ml. Vancomycin level in the drainage fluid were between 8 and
2243 pg/ml with a median of 345 ug/ml. Wound healing was uneventful in all cases.
No adverse side effects could be observed during the whole follow up period, in spe-
cial renal function did not show any difference compared to preoperative values.
Mean hospital stay was 16 days (10-32 days). Rehabilitation was in the range of
uncomplicated primary surgery in cases with short history of infection (up to 3
months) and prolonged in relation to duration of infection and amount of preced-
ing surgery.

All patients could be followed with a minimum of 2 years and a maximum of 8
years (mean 4,1 years). 35 patients showed no sign of infection until the last follow up.
In two hips there was recurrence of infection, diagnosed 6 and 12 weeks after surgery
respectively. In one of them the well fixed stem had not been exchanged, in another
one a technical error during impregnation of the bone graft could be evaluated. Both
could be successfully re-operated using the same technique with complete removal of
implants and appropriately impregnated bone graft.

Fig. 2. a Infection of a well fixed uncemented THR (Fistulography). b Postoperative radiograph
showing ABC at the medial aspect of the acetabular component and the proximal part of the fem-
oral component



198

Clinical Applications: Hip

Fig. 2c. 6 years later partial resorption in
unloaded areas is visible, remaining parts of
the allograft are well incorporated. Lucent
lines in Gruen zone 2 and 3 but no disloca-
tion and no clinical sign of loosening or
infection

Radiologically we could observe partial resorption of allograft bone in non-weight-
bearing areas and intramedullarily (Figs. 2a-c). Incorporation of the allografts
appeared normal compared to conventional grafting. There was no sign of loosening
in any of the implants or dislocation of bone fragments.

Discussion

To our knowledge this is the first report on the use of antibiotic impregnated bone
grafts in the treatment of infected THR in a single stage procedure. It must be empha-
sized that ABC can only be considered as one tool in a complex treatment protocol
consisting of 1. complete removal of all foreign material, 2. meticulous debridement of
the infected site, 3. complete dead space management with allograft bone, 4. stable fix-
ation of new implants and 5. adequate wound coverage. However, to our opinion only
sufficient impregnation of the graft with antibiotics makes such a protocol feasible.
So far impregnated bone grafts have been used clinically only as a more or less pro-
phylactic tool since it has been used in patients with high risk but without any sign of
florid infection. Buttaro’s group added 500 mg of vancomycin powder to one morsel-
lized femoral head, which may be estimated to represent a volume of roughly 50 cc
cancellous bone. Similar techniques and concentrations were used by Witso et al.
Both groups found similar levels of antibiotic in the drainage fluid as we did in our
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series. However, we could show that with our technique an amount of 5 g vancomycin
may be incorporated in the same amount of bone graft, which represents about the
ten-fold concentration. The reason for the comparable concentration in drainage flu-
ids and serum in our opinion is, that drainage fluid can be monitored only for a few
days until drainage is discontinued. During that time vancomycin is released in the
same pattern, independent from the impregnation technique.

We believe that this “burst release” is finished after several days. This pattern of
release seems to be sufficient in cases where no florid infection or only a low biobur-
den is present. Florid infections in our opinion require a more prolonged release that
should maintain antibiotic levels above the MIC for several weeks. This requirement
seems to be fulfilled with our impregnation technique, which provides a double pat-
tern release: the same amount of antibiotic seems to be released immediately, as in the
other series, however, this amount represents only about 10 % of the total implanted
dosage. An additional 9-fold amount shall be released slowly within a period between
2 and 8 weeks after surgery. These consistent levels protect both the graft and the
implant against recolonisation even in highly contaminated areas during the time of
release and at the same time may help in eradicating remaining bacterial colonies.
Only under these circumstances one stage revision seems to be justified.

Although very high concentrations of antibiotic were present at the operative site
we did not see any adverse effects. Systemic effects seem to be avoided by the poor
penetration of vancomycin between blood stream and tissue. This property always
has been considered a disadvantage when vancomycin was administered intrave-
nously. In our application the disadvantage turns into an advantage, because vice
versa there is also poor penetration from the tissue into the vascular system which
avoids quick removal of the antibiotic from the implant site, keeping serum levels low
and tissue levels high. Local wound healing and remodeling of the graft seem not to
be impaired due to the low cytotoxic property of vancomycin and tobramycin respec-
tively.

Some authors criticize local application of antibiotics since they fear induction of
resistencies. We believe this fear is not justified in our application. Moreover the
opposite seems to be true: resistencies are created by sub-inhibitory concentrations
of antibiotics as they are common in infected bone during systemic antibiotic ther-
apy. The extremely high concentrations after local application leave no chance for
bacteria to survive or even develop resistance. Development of small colony variants
or similar phenotypes as created by antibiotic loaded cement [12] is unlikely since in
contrast to PMMA the grafts release all the incorporated antibiotic load within sev-
eral weeks while about 90 % of antibiotics inside PMMA stay there forever and are
only released in subinhibitory amounts whenever cracks appear in the aging cement.

Although there are not yet significant numbers of cases and a rather short follow
up period, it seems, that one stage non-cemented revision in combination with ABC
provides an excellent tool in the treatment of infected THR. However, several princi-
ples need to be observed. In addition to the described protocol we now recommend
removing even well fixed prostheses and taking care, that at least 50 cc of well impreg-
nated bone graft is implanted.

Since we have found that intraoperatively taken cultures sometimes reveal growth
of bacteria that have not been found in the preoperative aspirate, we now always use
vancomycin and tobramycin in combination, such covering also potentially unde-
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tected Gram-negative germs and taking advantage of the synergistic effect of the two
antibiotics [15].

Following the described principles eradication of pathogens, grafting of bony
defects and re-insertion of an uncemented implant may be accomplished in a one
stage procedure. Since the graft gradually is replaced by healthy own bone, improved
conditions may be expected for the long term performance and especially in the case
of another revision.
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Introduction

Infection is one of the most severe complications of joint replacement. The main goals
of treatment are eradication of infection and restoration of joint function [9].

Many surgical solutions have been proposed, all relying on components removal
and accurate debridement of pathologic tissue [14].

At present, there is not yet a unanimous consent on the best way to treat infection,
nonetheless many surgeons prefer to perform two-stage revisions because of the
encouraging results reported in literature, with success rates ranging from 87 % to
100 % [6, 7, 9, 12, 13].

Two-stage revision foresees the temporary use of a PMMA spacer impregnated
with one or more antibiotics. The spacer exerts a mechanical and a biological func-
tion: it avoids the peri-articular soft tissue shortening, keeping the correct limb posi-
tioning and it sterilizes the infected areas by means of local antibiotic release [2, 8].

Aim of this study is to compare the results achieved in the treatment of infected
total hip arthroplasties (THA) with a two-stage revision, using two different types of
spacers: hand-made (Fig. 1) or preformed (Fig. 2).

Materials and Methods

Between 1995 and 2003, 20 patients (10 M, 10 F) underwent a two-stage revision pro-
cedure for the treatment of infected THA. The diagnosis of infection was based on
clinical and bio-humoral parameters (ESR > 30 mm/h and CRP > 10 mg/l), integrated
by imaging studies (X-rays and labelled leucocytes bone scan) and microbiological
assays (cultures from draining fistulae) [10].

The mean age of the patients at the time of surgery was 68 years (range 53 -74).

The infecting pathogen was Staphylococcus aureus (3), Staphylococcus epidermidis
(2), Staphylococcus spp. (2), Streptococcus pneumoniae (1), Streptococcus agalactiae
(1) and Escherichia coli (1). Polymicrobial infection was diagnosed in 4 cases: S.
aureus + Enterococcus faecalis (1), S. aureus + Staphylococcus spp. (3). In the remain-
ing patients the pathogen was not detected.

The therapeutic protocol included a first procedure to remove the components,
bone cement and all infected tissues, followed by implantation of the antibiotic-
loaded acrylic cement (ALAC) spacer. Systemic antibiotics were administered in
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Fig. 1. Custom-
made spacer: a
blade-plate is used
to provide mechan-
ical strength

<
Fig. 2. Preformed
spacer (Spacer-G)

accordance to the results of microbiological assays on intraoperative biopsies; ther-
apy lasted a minimum of 4 weeks (range, 4 to 8 weeks).

Patients were evaluated on a monthly basis; normalisation of biohumoral parame-
ters was the condition required for performing the second stage procedure. At this
time the spacer was removed and a definitive prosthesis was implanted.

Patient were divided into two groups according to the type of spacer used:

Group A: 8 patients with a custom-made spacer, prepared in the operating room
with antibiotic loaded bone cement (Cemex Genta — Tecres Spa, Italy) coating a metal
stem so to reproduce an hip prosthesis

Group B: 12 patients with a preformed, industrially manufactured spacer (Spa-
cer-G - Tecres, Italy)

At follow-up, all the patients were evaluated both clinically, using the Harris Hip
Score (HHS), and radiographically. A statistical analysis was performed in order to
highlight differences between the two groups in terms of duration of operative time,
hospitalisation, intra-operative blood loss and clinical results. The level of signifi-
cance was set at p <0.05.

Results

19 patients were evaluated at an average follow-up of 5 years (range 3-10).
The spacer implantation time was on average 6.3 months (2-11) for group A and
5.3 months (3-13) in Group B.
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Table 1 Group A Group B

Operatory time 15 st. 164 min (140-210) 127 min (60 - 180)

Blood loss 1¢¢ st. 2112 ml (500-3200) 1618 ml (500-3000)
Operatory time 2"st. 149 min (105-190) 109 min (55-210)
Blood loss 2" st. 1416 ml (800-2000) 1587 ml (500 -4000)
Hospital stay 20 days (7-44) 13 days (7-28)

No significant differences were observed between the two groups in term of operative
time, hospitalisation and blood loss (Table 1). One recurrence of infection was
observed in both groups: in Group A, a septic mobilization occurred after 2 months
from revision surgery; in Group B, two weeks after spacer implantation, complete
slough of the wound along with purulent secretion occurred. Resection-arthroplasty
was performed in both cases along with systemic antibiotic treatment.

The observed mechanical complications were as follows:

® in Group A, one dislocation and one breakage of the spacer, one aseptic loosen-
ing of the revision stem;
® in Group B, one dislocation of the spacer.

At the latest follow-up, mean Harris Hip Score (HHS) increased from 35 (pre-op) to
76 in Group A and from 43 (pre-op) to 76 in Group B. The differences between pre-op
and post-op scores were statistically significant (Student’s “t” test for paired data) in
both groups.

Discussion

Orthopaedic infection is a costly complication both in human and economic terms.
Systemic antibiotic therapy alone is generally not able to eradicate infection, as the
concentration required in the infected site is not always achieved due to soft tissue
and vascular compromise, and the mechanisms of self-defense of the pathogens [4].

That is why the removal of the infected implant is a mandatory step for the success
of the procedure. Revision may be performed in one or two stages. A higher success
rate is reported for two-stage revision with the use of a temporary spacer made of
antibiotic loaded bone cement associated to systemic antibiotic therapy [6, 8, 12, 13].
Two-stage revision allows the preservation of some joint function, facilitates reim-
plantation and accelerates rehabilitation after revision surgery [6, 8].

This study compared the results achieved with two different type of spacers in
infected THA.

The use of a preformed spacer [8] does not allow the surgeon to choose the anti-
obiotic-cement mixture according to microbiological data. However, local concentra-
tions of the antibiotic eluted from the spacer are 50 to 100 times higher than those
reached after systemic administration: thus an antimicrobial activity, even on resis-
tant germs, can be exerted [5].

The chemical and physical properties of the ALAC spacer should be well defined
and reproducible. The standardisation of the manufacturing process reduces the risk
of mechanical problems [1] and insufficient drug release, which can derive from mis-
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takes in the preparation of the device. Custom-made spacers are burdened by a
higher incidence of mechanical complications [10]. In our series, breakage of one
device occurred because the supporting hardware was too thin.

A satisfactory matching between the spacer head and the acetabulum is desirable,
in order to provide sufficient joint function, avoid dislocation and preserve bone
stock between the two surgical stages. Any incongruence can lead to eccentric loads
on contact surfaces, increasing the risk of bone wear and resorption. In our experi-
ence, the less satisfying adaptability of custom-made spacers influenced the choice of
the acetabular component at revision: an oblong cup was used in 57 % of patients of
Group A and only in 18 % of Group B patients.

In conclusion, a two-stage revision procedure with temporary implantation of an
ALAC spacer allowed us to achieve a high rate of successful results in the treatment of
infected THA. The use of a preformed spacer offers some advantages with respect to
custom-made devices: more reproducible mechanical and chemical behaviours, eas-
ier implantation, preservation of bone stock [3]. These advantages resulted in a lower
incidence of local complications and better functional results.
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Introduction

Infection is one of the most serious local complications of total hip replacement [16,
19, 23, 39, 42]

The observation of meticulous standards of asepsis in operating theatres [11, 37]
and the routine application of systemic and topic antibiotic treatments with cemen-
ted implants [22, 26, 27] had a significant role in reducing infection rates in recent
decades: current case series indicate an incidence of less than 1 % [2, 31, 40].

Nevertheless, the widespread practice of total hip replacement and the subsequent
increase in revision surgery mean that infection is still a significant clinical problem,
affecting the patient with dramatic consequences [20].

Chronic infection of joint prosthesis requires surgical removal of the implant, in
order to eradicate the infective process [13, 42].

Reimplantation of the prosthesis may take place at the same time as surgical
removal of the infected device - one-stage revision technique [7, 8, 9, 10, 35], or be
delayed - two-stage revision procedure [12, 20, 25, 24, 27, 43, 46]. This option
depends on the personal treatment approach, which is often determined by microbi-
ological evaluations.

Two-stage revision technique means reimplantation after a variable interval, 4 up
to 8 weeks, during which a temporary antibiotic (AB)-loaded polymethylmethacry-
late (PMMA) spacer is usually positioned into the original prosthetic site.

The insertion of such a spacer fulfils two different aims: first a mechanical func-
tion, as it can avoid the periarticular soft tissue shortening, keeping correct limb
positioning; moreover, a biological function, as it sterilizes the infected areas by
means of a local antibiotic release [3, 4, 5, 17, 32, 41, 44].

The extemporary preparation of a spacer in the operating room is not easy because
of some difficulties in the realization of an optimal mix of the components and the
need of a metal reinforcement which is able to prevent the mechanical failure of the
device.

Moreover, it is hard to obtain a shape which can correctly fit into the host bone and
achieve a good limb positioning.

The skill of surgeons and the variable morphology of bony segments following
removal of pre-existing implant have variously influenced the final shape of the
spacer [1, 15, 25, 30, 46]. The shape of the spacer, indeed, has been demonstrated to
affect the surgical outcome in two ways: first, it interferes with the antibiotic release,
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that depends on the correct mix with the cement and on the total surface of the spacer.
Moreover, it is correlated to the incidence of complications such as pain, dislocation
and limb malposition as they may be subsequent to the possible incongruity of the
spacer with the bone and to its mechanical stability.

We evaluated the advantages of a preformed PMMA spacer in different sizes which
allows some degree of joint motion and weight-bearing in selected cases, as well as a
defined, sustained antibiotic release fitting into the residual bony segments of the
infected implant.

Material and Method

The device we employed is called “Spacer-G” and it is manufactured on an industrial
scale (Tecres SpA, Italy). The spacer has a central load-bearing structure comprising
a hollow cylindrical rod in AISI 316L stainless steel, with a 10 mm maximum diame-
ter, which is fully covered with antibiotic-loaded “Cemex” bone cement (Fig. 1).

In the first 10 cases the spacer was available only in one size: 54 mm head, 180 gin
weight, 165 cm? in surface. Then additional sizes were added. Currently the spacer is
available with head diameters of 46, 54 and 60 mm, with short or long stem.

29 patients with an infected total hip arthroplasty were treated from September
1996 to February 2006. There were 15 males and 14 females, whose age ranged from
58 and 84 years (average 70). The previous prostheses had been implanted minimum
2 and maximum 166 months before (average 54). Intra-operative detection of the

Fig. 1. Spacer-G. The device is manufactured with a cen-
tral weight-bearing hollow cylindrical rod entirely cov-

ered by antibiotic-loaded PMMA
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Fig. 2. Spacers were
applied in all cases by
a lateral approach,
requiring an extended
trochanteric osteo-
tomy in some selected
cases for the removal
of an infected long
stem

infecting germ was only possible in 8 cases: Staphylococcus epidermidis (2), Staphylo-
coccus aureus (2), Group-B 3-haemolytic Streptococcus (1), Pseudomonas aeruginosa
(1), Escherichia coli (1), Mycobacterium tuberculosis (1).

Removal of the prosthesis and debridement of the infected periprosthetic tissues
were followed by the implantation of an antibiotic-loaded preformed PMMA spacer
during the same surgical procedure.

In the first 5 patients, the device was loaded just with gentamicin, widely used in
association with bone cement [2, 45], in the overall quantity of 1.9 g.

In the following 24 patients, the PMMA constituting the spacer was supplemented
with a 2.5 % concentration of gentamicin and a 2.5 % concentration of vancomycin.

The effective release of these antibiotics from the spacer according to reproducible
release kinetics was demonstrated by means of in vitro pharmacological tests [2, 3, 5,
28, 34, 37, 45].

Surgery was performed using a direct lateral approach: removal of all implanted
devices and meticulous debridement of the periprosthetic infected tissue was fol-
lowed by insertion of the spacer in the femoral canal, achieving an easy reduction in
all patients (Fig. 2).

Clinical outcome conditioned an early rehabilitation programme, including active
and passive joint mobilization and muscle strengthening exercises. Assisted weight-
bearing was allowed in selected cases when the spacer demonstrated adequate
mechanical stability and depending on the residual bone quality (Fig. 3).

Serological trend following the first stage of the procedure was monitored through
parameters widely used as markers of phlogosis - Erythrocyte-Sedimentation Rate
(ESR) and C-Reactive Protein (CRP); normalization or substantial reduction of these
values were discriminant in the planning of the subsequent revision [39].

Infection-healed patients underwent the final prosthetic reimplantation using dif-
ferent implants, both cemented (Fig. 4) and uncemented. Acrylic cement supple-
mented with a 2.5 % concentration of Gentamicin (Cemex Genta — Tecres SpA, Italy)
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Fig. 4. Clinical case: 55 year-old man affected
by a chronic infected uncemented THR (a).
In a two-stage revision procedure a Spacer-G
is applied after the removal of all infected
implants (b)

Fig. 3. Post-operative X-ray of the hip spacer:
the residual bone quality is determining in
the rehabilitation programme. Weight-bear-
ing is allowed in selected cases when an ade-
quate mechanical stability of the spacer and a
good residual bone quality are present (Fig. 3)

N
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Fig. 4. (cont.) Final reimplantation of a anti-
biotic-loaded cemented THR is performed
after 4 months from the first stage (c). The
patients is infection-free at a 8 years follow-

up

was used for fixation of acetabular component for cemented devices, 18 cups and 14
femoral components, while uncemented component were implanted in the remaining
patients.

Multiple samples of periprosthetic tissues were routinely obtained during second-
stage surgery for bacteriological assessment.

All patients were treated with 4 weeks of 400 mg/daily intravenous administration
of Teicoplanin followed by a 4-weeks of oral treatment with 1.5 g/daily Ciprofloxacin.

Patients then underwent quarterly controls including clinical examination, con-
ventional X-rays and laboratory parameters.

Results

The spacer remained in situ for an average time of 155 days (minimum 70 - maxi-
mum 272).

25 patients achieved a substantial decrease of the serological markers of infec-
tion.

In 4 cases such decrease did not occur, and this was considered to be a contraindi-
cation to prosthetic reimplantation: the surgical procedure therefore consisted in
removal of the spacer. In two cases the infective germs were M. tuberculosis and
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multi-resistant S. aureus (MRSA). In the other 2 cases the pathogen agent was not
detected.

In 1 patient a normalization of the biohumoral parameters was obtained, but acute
recurrence of infection occurred, requiring a resection-arthroplasty.

In all reimplanted patients samples for bacteriological examination taken in the
operating room were negative.

In 4 cases the spacer dislocated, because the head diameter was too small to ade-
quately fit the acetabular bone. The dislocation was treated by non-surgical reduction
and immobilization using a pelvi-condylar plaster cast for 1 month.

The 24 patients were assessed after the prosthetic reimplantation procedure with
a mean 52 months follow-up (minimum 36 - maximum 100) showing no clinical or
biohumoral signs of infection recurrence.

A definitive healing of infection was obtained in 27/29 cases (93.1 %).

Joint motion was possible up to 90°-110° of hip flexion.

Radiographs demonstrated no radiolucent lines or focal osteolysis; no prosthetic
component migration was observed.

Discussion

Better results as regards definitive resolution of infection with delayed reimplanta-
tion technique (91 %) compared with the one-stage revision (82 %) [20] are reported
in literature: moreover, the latter requires the supply of an experienced microbiologi-
cal assessment even in presence of small amounts of material, as can be sampled with
a preoperative aspiration [29].

The two-stage revision technique was conventionally limited to removal of the
infected prosthesis with local administration of antibiotics by means of continuous
irrigation. This procedure is today better performed by temporary variously-shaped
spacers [1, 15, 30, 46, 47]; these devices are usually prepared in the operating theatre
consisting of a mixture of bone cement and antibiotics.

In spite of increased results with the two-stage technique, it should be emphasised
that patients undergo a period never less than two months during which functional
autonomy and thus the quality of life are significantly restricted; this condition may
involve lengthy hospitalization [20] and a prolonged rehabilitation.

The mechanical features of the ideal spacer are currently well-defined: its femoral
stem must be long enough and its neck and head should be adequately dimensioned
in order to ensure the stability of the implant. Moreover, a metal “core” as a reinforce-
ment, which must be completely covered by PMMA, is recommended.

A well-shaped spacer creates the local conditions for the second-stage reimplanta-
tion and promotes sitting and standing, thereby allowing some range of motion.

Patients treated with a temporary spacer could be encouraged to undertake
weight-bearing with crutches, but the risk of mechanical failure or overloading of the
acetabulum should not be neglected.

However, the condition mainly affecting the possibility of weight-bearing is not
the mechanical resistance of the spacer, but the bone stock after the first implant. This
factor should suggest to the surgeon the adequate rehabilitation programme in order
to prevent bone lysis or even acetabular protrusion of the spacer.



24 Two-stage Revision of Infected Total Hip Replacement

211

In a first phase of clinical application, attention was focused on an aminoglycosi-
dantibiotic, gentamicin, presenting a wide spectrum of activity (especially effective
versus Gram-negative pathogens); a sustained release of this antibiotic into biological
fluids and the attainment of prolonged local concentrations have already been dem-
onstrated [2, 3, 4, 5, 10, 20, 38, 45].

This behaviour has been confirmed in studies with the preformed spacer by mea-
suring elution of the antibiotic over time [3, 4]. In these studies, a release level of
6-14 % of the initial concentration of antibiotic was still found 6 months after surgi-
cal implant: these values proved to be effective versus the main microbial agents
responsible for infection around prostheses.

The chemical-physical characteristics of gentamicin ensure optimal dispersion
when mixed with PMMA, as well as high-temperature resistance which prevents
structural modifications during the exothermic polymerization.

Actually it has been developed a PMMA spacer supplemented with gentamicin but
also with vancomycin.

While gentamicin has been an effective treatment for most of the pathogens caus-
ing periprosthetic infection, recent selection of Gram-positive cocci resistant to ami-
noglycosides suggests that alternative drugs, active against methicillin-resistant bac-
teria, should also be considered [5, 16].

The release of vancomycin, is now well documented [3, 4, 5, 28, 34].

The routine use of vancomycin-loaded acrylic cement should be considered when
epidemiologic data demonstrate a high rate (> 50 %) of methicillin-resistant [6], sug-
gesting the supplementation of antibiotics provided with a tested efficacy versus most
frequently involved pathogens.

In our experience, the “Spacer-G” used in the two-stage revision of infected total
hip replacements shows to fulfil the theoretical mechanical and biological require-
ments which stimulated its initial development.

This device maintained a correct gap between the two bone segments allowing a
partial range of motion, which improved the quality of life of the patients during
postoperative period, and enabled their functional recovery following prosthetic
reimplantation.

Dislocation of the preformed spacer is the only observed complication, and this is
caused by a marked incongruency between the head of the device and the residual
acetabular cavity, by an insufficient offset of the device or by a rotational instability of
the stem on the femur, especially in the infected long stem revision: this aspect was
also described by Leunig et al.[30], emphasizing the need of multi-sized models.

Sustained and effective release of antibiotics mixed with acrylic bone cement
ensures the availability of high concentrations at the site of infection in the treatment
of septic process, as part of the two-stage procedure [3, 4, 5, 12, 24, 26, 34, 46].

In conclusion, according to similar recent experiences [1, 25, 30, 46, 47], we can
state that the spacer employed in this study proved to be able to ensure a good joint
stability and length restoration during the time of insertion, thus allowing early reha-
bilitation.

This device also provides a system for a sustained release of the antibiotics which
were supplemented to PMMA prior to surgery.
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Introduction

We expose the experience of the Musculo-Skeletal Septic Pathology Unit (UPSAL) of
the Vall d’Hebron University Hospital (HUVH) in the treatment of infection associ-
ated with total hip arthroplasty, using the two-stage procedure with uncemented
implants [6, 14, 23, 34, 51, 61].

Material and Methods

Between August 1972 and September 2002 the UPSAL treated 205 infections associ-
ated with total hip arthroplasty (periprosthetic joint infection); 161 cases were pri-
mary THA and 44 cases revisions.

These infected arthroplasties led to, until the end of 2002, 299 treatment options
(Fig. 1) which included:

® Suppressive antibiotic treatment [5, 78, 110] n: 19
® Debridement and cleaning of implants [16, 82] n: 36
® ]-stagerevision [6, 8, 39, 82, 83,101] n: 22
® 2-stagerevision [7,34,61,112] n: 57
e Girdlestone resection arthroplasty [12, 33] n: 129
® Debridement of resection arthroplasty due to persistent infection n: 36

As can be observed in Fig. 1, in the early years the most frequent option was resection
arthroplasty, this being justified by the type of patients treated: chronic stages which
had been subject to multiple surgical procedures in the centres where the problem
had originally arisen.

In more recent years, as a centre of reference, the predominant option was the two-
stage revision arthroplasty. The case series reported and analysis of our previous
results made it advisory. Until 1994 in UPSAL, with the one and two-stage revision
techniques, using Buchholz cemented implants [6, 34, 99], one third of patients
showed persistent infection, two thirds were resolved of their septic process, but 30 %
showed an aseptic loosening in the follow-up within 6 years (average follow up 117.4
months).

In 1996 we started a two-stage treatment [14, 112] protocol using uncemented
implants [22, 32, 67, 68, 86] in those cases with chronic infection, unknown or multi-
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Fig. 1. Treatment options employed

Fig. 2. Sampling for anatomopathological and microbiological study on bone-implant or bone-
cement interface level

resistant bacteria, loss of bone stock and failure of one-stage revision [15, 38, 51,
54, 63].

We utilized arthrocenthesis as well as bone-implant or bone-cement interface
biopsy to improve the successful bacterial identification. This interface biopsy was
carried out in the operating room as the first procedure, before the first-stage, with a
percutaneous trocar guided with radiographic C-arm.
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Fig. 3. (A) Right hip X-ray in a patient with recurrent septic activity following THR. Unremoved
bone cement is visible. (B) Clinical aspect of the patient subject to several previous operations.
(€) Clinical aspect of the femoral osteotomy done to remove the remains of the cement mantle.
(D) Clinical aspect after removal of the cement mantle

After bacterial identification, the first open surgical procedure must include an
extensive debridement of both soft and bone tissue and foreign material. In both
cemented and uncemented prosthesis the debridement usually requires osteotomies
(Fig. 3) and or drill holes possibly leading to fractures and false tracts which makes
the subsequent cementing challenging [29, 35, 86, 94]. The osteomized or perforated
bone makes pressurizing the cement impossible within the medullary canal already
weakened by revision arthroplasty. Acrylic cement often escapes on to soft tissue
which can lead to future complications (Fig. 4) [94].

Once the debridement is achieved antibiotic spacers, [53, 65] custom made in both
form and antibiotic content [31, 73, 76] will release high concentrations of antibiotics
“in situ”. This spacer avoid the retraction of the periarticular tissues and allows walk-
ing with crutches [9, 20, 48, 49, 50, 84, 97, 98, 104, 106]. We have little experience with
preformed spacers for both technical and economic reasons [84], and have proceeded
from after the first stage to the preparation of custom made “personalised” spacers in
relation to antibiotic content (secondary to the previous identification of the bacte-
ria). Once the PMMA cement and corresponding antibiotics are added (up to 4 g of
antibiotic for every 40 g unit of acrylic cement) it is wrapped in a sheet of latex and
place it into the residual cavity and pressing it so that it takes up all the defects, and
finally with the proximal part of the femur correctly lined up with the limb (Fig. 5).
When the cement begins to harden we use Moore’s corkscrew in the centre of the
spacer approaching through the rear of the hip: this technical detail eases the placing
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Fig. 4. (A, B) X-ray of cement leakage to soft tissues due to the presence of bone defects at a acetab-
ular (A) or femoral (B) level

and extraction of the spacer (Fig. 6). Once the plastic properties of the cement have
disappeared and before the exothermic reaction happens, we remove the spacer until
it cools and then reinsert it.

During the intermediate period between the first and second stage, approximately
three months, the patient continues on antibiotic treatment. According to the litera-
ture the duration of the treatment varies between 2 and 3 months [5, 23, 27, 58, 73, 78,
110]. We adopted the 3-month period (orally, if possible), as it is the length of treat-
ment advised for chronic osteomyelitis [14, 34, 63, 91, 112, 113].

Fifteen days after of intermediate period, if the patient is stable clinically and labo-
ratory values are normal, analytical nor nuclear imagines, we proceed to the second
stage revision [1, 8, 35, 53]. Frozen sections are sent for analysis [2] to confirm there
is no acute inflammation. If present a second debridement is carried out, tissue sam-
ples taken and a new antibiotic-spacer inserted. If the frozen section is negative for
acute inflammation we continue with revision arthroplasty using uncemented
implants [26]. Published evidence suggests that these uncemented implants have bet-
ter long-term survival in revision surgery [26]. Moreover, the use of cement can
inhibit the cellular response mechanisms due to heat from polymethylmetacrylate, by
depressing the quimiotaxis and fagocytosis of the polimorphonuclear leukocytes, as



218

Clinical Applications: Hip

Fig. 5. Different phases in custom made “personalized” spacer

A “Ball” shaping of acrylic cement with antibiotics

B Fitting cement wrapped in a latex sheet

C Closing of latex “sheet”

D Fittingin to the residual space and shaping with fingers

E Once the acrylic cement begins to harder it is removed without being deformed

F The exothermic reaction (temperature around 90 °C) is carried out outside the patient using a
coolant

G Once cool and completely hardened it is fitted into the residual space

H Clinical aspect of spacer “in situ”
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Fig. 6. Technical detail, the screwed orifice achieved by inserting the tip of a Moore’s corkscrew,
before the cement hardens completely. The use of Moore’s corkscrew in the second stage aids
spacer removal. X-ray of spacer “in situ” taking up all of the residual space. The profile of the
screwed hole that will aid its extraction is also visible

demonstrated by Petty [30, 74, 75], and others. The use of cemented arthroplasties
can explain the growth of resistant organisms secondary to using antibiotic cement.

Methods

Since 1996 we have used this method of treatment in 44 hip arthroplasties associated
with a chronic infected hip arthroplasty, and this series constitutes the basis of our
study. There were 25 men and 19 women, with an average age of 64.2 years, ranging
from 20 to 88. Forty-seven percent of patients presented with comorbidities (23
patients were classified as physiological type A, 18 as type B and 3 type C). Fifteen
patients (34.1 %) had previous surgery before presenting to our institution.

The THA involved were 37 primary prosthesis (25 cemented, 5 uncemented and 7
hybrids) and 7 revision hip arthroplasties (5 cemented, 1 uncemented and 1 hybrid).

The type of infection was: in 5 cases type II (2 early and 3 haematogenous), the
others type IV (37 late and 2 haematogenous).

The bacteria responsible was gram positive in 54.6 % of cases, gram negative in
31.8 %, polymicrobian infections were present in 6.8 % of cases, other bacteria and
the absence of a positive culture made up the remaining 7 %.
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Fig. 7. X-rays of the only case that showed reinfection

A Primary total hip arthroplasty

B Periprosthetic infection, chronic stage, a reactive hyperostosis is noted

C Spacer “in situ” after first stage of revision

D X-ray of the uncemented stem used in the second stage of revision total hip arthroplasty

E After 10 months, thigh pain, alteration of specific analytic parameters and “endostic osteoly-
tic” and periostitis signs occurrence

F Biopsy of the osteolytic cavity using a trocar guided by computerized axial tomography. S. epi-
dermidis is isolated, with the same resistance profile as in the original germ

G After six months antibiogram-based antibiotic treatment disappearance of clinical signs and
normalisation of the endostic osteolytic image is achieved

Results

Results for the first 25 cases treated with two stage revision with a cementless prosthe-
sis, from 1996 to 2002 are reported. Two patients have died for reasons unrelated to
the septic process, and their implants revealed no evidence of infection. The remain-
ing 23 patients had an average age of 61.2 years (ranging between 20 and 88),
13 women and 10 men.
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An average follow up of 74.5 months (ranging between 47.5 and 125 months), 22 of
23 patients were free of infection (95.7 %). One patient (4.3 %) had a reactivation of
the periprosthetic infection in the form of thigh pain, increased ESR and CRP. He had
a positive bone scan 10 months after the second stage (Fig. 7). The bacteria identified
from biopsy with trocar aided revealed the same characteristics as the bacteria
responsible for the original infection (Staphylococcus epidermidis). After obtaining
the corresponding sensitivity the patient received oral antibiotic treatment for a
period of 6 months, resolving the clinical signs, serum parameters and radiographic
and nuclear imagines. The success of the therapy is attributed to the antibiotic treat-
ment and an uncemented implant with an absence of a second interface as would be
in the case with a cemented implant.

With an average follow up of 6 years (74.5 months) [47], all patients still have their
implants and no loosening has been observed.

The functional result according to the Merle - d’Aubigue - Postel scale [18, 19] was
completely satisfactory with pain scoring 5.86 (ranging between 5 and 6), mobility
4.93 (ranging between 2 and 6) and aided walking 4.86 (ranging between 2 and 6).

Discussion

Appropriate treatment of periprosthetic infection needs to identify the bacteria and
obtain its sensitivity to different antibiotics before performing any surgery. The cor-
rect and systematic use of specific antibiotics after radical debridement surgery is
fundamental in treating any residual bacterias which may exist in the surgical field.
Obtaining this information is also important in two stage revision, if antibiotic spac-
ers are used [13, 40, 56], whether prefabricated [24, 25, 41] or personalised [37]. That
is why in the periprosthetic infection treatment protocol we systematically include a
first operation in our unit, aimed at obtaining tissue samples from bone-cement or
prosthesis-bone interface, the area where the infectious process develops [107], with
a percutaneous trocar and biopsy tweezers guided by radiographic C-arm. In this way
we try to get better sensitivity and specificity than that obtained through joint aspira-
tion, whose sensitivity ranged 55 % and 86 %, placing the specificity between 94 %
and 96 % [3, 95]. Clearly this elementary action will be more important in the near
future, when new microbiological techniques will allow us to more easily and system-
atically isolated and cultivated bacteria in the stationary phase of growth cycle con-
tainer in the slime [100]. Our treatment is aime at those germs and hill not is limited
to planktonic forms. The differing sensitivity profile of the bacteria contained in the
biofilms is responsable for the majority of failures [77, 102], as the coagulase-negative
Staphylococcus is implicated in nearly all of them.

Two-stage replacement is the most frequently used method in THA infections, it
must be considered the first choice procedure in acute cases with serious sepsis and
which endanger the life of the patient. However, periprosthetic infection is often late
to show itself in chronic form. Two-stage revision is indicated when: the bacteria res-
ponsable is unknown; we deal with virulent bacterias; there is insufficient bone stock;
the patient presents associated systemic pathologies or has failed with one-stage revi-
sion. For some authors [93] the existence of sinus tracks is a reason to indicate two-
stage revision but we believe that their existence is a manifestation of the chronic
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nature does not in itself require this response. A correct debridement which includes
the sinus tracks is totally compatible with one-stage revision, if all the conditions for
this technique are fulfilled.

For some authors [93] the existence of precarious host immunity and medical condi-
tions and insufficient bone stock are contraindications of a two-stage revision and in
such cases recommend the one-stage revision with cemented implants. In our opinion
precisely such cases should be treated with two-stage revision as it offers a higher guar-
antee of success in patients with a relative immunosuppression. It is also in situations of
insufficient bone stock when associated surgery is needed, use of bone grafts and spe-
cial implants, which are not indicated in one-stage revision. The use of cemented
implants gives rise to precarious cementing due to a smooth implantation surface. Poor
bone quality with cortical deficiencies and endostic sclerosis make long-term stability
and implant survival less likely with cemented techniques. They are also associated with
potential false ways and frequent femoral osteotomies carried out during debridement
surgery. The use of cemented implants makes it impossible to repair the problem bio-
logically, which may have a deleterious effect on the immune system and which may
also become an inhibiting factor upon local defence mechanisms as we will mention
later. A correct joint reconstruction should only be considered when the septic process
has been eradicated [108]. However it is clear that the overall treatment strategy must
be guided by the patient’s ability to tolerate surgical procedures and their projected lon-
gevity [93]. Two- stage approach entails the morbidity associated with multiple surger-
ies and prolonged immobilization, and may be unacceptable for frail older patients
[27]. In these cases long-term suppressive oral antimicrobial therapy alone or definitive
resection arthroplasty may be an acceptable option. With this latter procedure, success-
ful eradication of infection can be achieved in 60 % to 100 % of cases [4, 10, 12].

Published evidence gathered recently in the literature by Sia and Colbs [93] is very
demonstrative. Out of a total of 601 periprosthetic hip infections [26, 28, 34, 44, 55, 61,
69,70, 72, 88, 92, 99, 105, 109, 112], two-stage revision provided 88 % of good results,
530 cases were free of infection whereas one-stage revision carried out in other 914
cases only obtained 77 % of good results freeing 701 patients from infection [6, 8, 11,
42, 43,90, 101, 111].

The results published upon total prosthetic hip replacement surgery showed
higher medium-term survival rates, when cementless implants were used. In his arti-
cle, Fehring [26]checks implant survival in non-septic replacement surgery. Out of a
total of 283 cases using cemented implants, 92 needed a second revision within 7
years, whereas in further 468 cases of revision for aseptic weakening those that used
uncemented implants noted a 1.28 % (6 of 468) re-revision rate with the same follow-
up as the previous group.

The success of the cemented techniques lies in the micro-interdigitation of cement
within the cancellous structure of the femur, after a failed femoral arthroplasty leaves
a sclerotic tube incapable of allowing such interdigitation. In replacement surgery a
good femoral fixation using cemented techniques is not possible. For that reason
uncemented distal fixation implants are used. Not using cement at a proximal level
favours spontaneous biological repair and allows the use of bone grafts to restore its
precarious stock.

Surgical debridement carried out in the first stage, it is origin of solutions of conti-
nuity at level of proximal femur, in form of extended trocanteric osteotomies, to with-
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draw the femoral implants or the cement used in its fixation, false tracts related to
accidental perforations or even intraoperative fractures. None of these situations
favours a correct cementation but are compatible with the use of cementless implants
associated with reconstruction techniques with bone grafts.

The use of uncemented distal support implants associated with transosseous
approaches and proximal femoral fractures allows the spontaneous reconstruction of
the weakened proximal bone.

Published evidence suggests that these uncemented implants have better long-
term survival in revision surgery [26]. Also, the use of cement can inhibit the cellular
response mechanism due to heat from polymethylmetacrylate, by depressing the qui-
miotaxis and fagocytosis of the polimorphonuclear leukocytes, as demonstrated by
Petty [30, 74, 75], and others. The use of cemented arthroplasties can explain the
growth of resistance organisms secondary to using antibiotic cement. Not using anti-
biotic cement as an implant fixation method is, for some authors [96], a disadvantage
as it means they can not use high doses of antibiotic “in situ” during the second stage
of replacement. We believe that the use of antibiotic cement is unnecessary as the sep-
tic process is clinically controlled and its use in the pathology which concerns us is
still a potential problem since after some weeks the doses of antibiotic released have
sub-therapeutic quantities and even favour the appearance of resistance. Thornes in
its study of experimental infection [98] demonstrates that antibiotic-loaded bone
cement offers an optimal surface for the colonization, and a prolonged exposure to
antibiotics facilitates the appearance of resistance by mutation. Another negative
aspect of polymethylmetacrylate as shown by Petty [74, 75] is the inhibition of local
cellular defences, by depressing the quimiotaxis and fagocytosis of the polimorpho-
nuclear leukocytes.

Conclusion

To correctly treat periprosthetic infection it is crucial to identify the bacteria and
obtain its sensitivity to different antibiotics. The correct and systematic use of spe-
cific antibiotics after radical debridement surgery is fundamental in treating any
residual bacteria which may exist in the surgical field. Obtaining this information is
also very useful, if antibiotic spacers [13, 40, 56] are used, whether prefabricated [24,
25, 41] or personalised [37] in the intermediary period between stages in two-stage
prosthetic revision surgery in the septic prosthesis hip as it allows us to adapt the type
of antibiotics mixed with the acrylic cement to the specific needs of each case.

The inclusion of a previous operation in our protocol, the biopsy of tissue samples
from bone-cement or prosthesis-bone interface improves upon the traditional diag-
nostic method, joint aspiration, in identifying the bacteria responsible for the septic
process. The bacteria was not identified in less than 7 % of cases, substantially
improving sensitivity and specificity of joint aspiration, whose scores ranged
between 55 % -86 %, and 94 % -96 % respectively [3, 95]. This is possible because
bacteria investigation is carried out in the area where the process is most active, the
bone-cement or prosthesis-bone interface [107]. Also, the solid specimens obtained
in this way allow for microbiological and anatomopathological investigation. Clearly
this elementary action will be more important in the near future, when new microbi-
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ological techniques will allow us to more easily and systematically isolate and culti-
vate bacteria contained in the slime 100], ultrasounding the prosthetic components
already forms part of normal practice in some centres, such as the Mayo Clinic. Our
treatment will be aimed at these bacteria and will not be limited to their planktonic
forms. Our only failure was related to the presence of a coagulase-negative Staphylo-
coccus which is responsible for most failures in other series [77, 102].

For us two-stage replacement can be considered the gold standard. It is the most fre-
quently used method in treatment of THA infections [26, 28, 34, 44, 55, 61, 69, 70, 72, 88,
92,99, 105,109, 112], and is also the procedure of choice in acute cases which show seri-
ous and systemic sepsis and endanger the patient’s life. However, periprosthetic infec-
tion is often late to show itself in chronic form. Two-stage revision is indicated when:
the bacteria responsable is unknown; we deal with virulent bacteria; there is insuffi-
cient bone stock; the patient presents associated systemic pathologies or has failed with
one-stage revision. The published literature shows clearly that out of a total of 601 peri-
prosthetic hip infections [26, 28, 34, 44, 55, 61, 69, 70, 72, 88, 92, 93, 99, 105, 109, 112],
two-stage revision provided 88 % of good results, 530 cases were free of infection,
whereas one-stage revision carried out in another 914 cases only obtained 77 % of good
results freeing 701 patients from infection [6, 8, 11, 42, 43, 90, 93, 101, 111].

Two-stage replacement is also especially indicated in those cases with precarious
host immunity and medical conditions, since this method offers a higher guarantee
of success in patients with a relative immunosuppression. It is also a safe procedure in
situations of insufficient bone stock where associated reconstructive surgery is
needed, use of bone grafts and special implants, none of which are indicated in one-
stage revision.

We obtained excellent results in terms of infection resolution, with an average fol-
low up of 74.5 months; with 95.7 % of patients (22 of 23 cases) showing no relapse.

The advantages of uncemented implants are that they have the potential long-term
fixation in a revision situation; the longer duration of uncemented implants justifies
their use.

The results published in total prosthetic hip replacement surgery show higher
medium-term survival rates when cementless implants are used. In his article, Feh-
ring [26] checks implant survival in non-septic replacement surgery. Out of a total of
283 cases using cemented implants, 92 needed a second revision within 7 years
whereas in another 468 cases of revision for aseptic weakening those that used unce-
mented implants noted a 1.3 % (6 of 468) re-revision rate with the same follow-up as
the previous group.

The success of the cemented techniques lies in the micro-interdigitation of cement
within the cancellous structure of the femur. In replacement surgery a good femoral
fixation using cemented techniques is not possible. Poor bone quality with cortical
deficiencies and endostic sclerosis make long-term stability and implant survival less
likely with cemented techniques. For that reason uncemented distal fixation implants
are used.

Other circumstances may be responsable for precarious cemented fixation. Surgi-
cal debridement carried out in the first stage can create disruptions at level of proxi-
mal femur, in form of extended trocanteric osteotomy, to withdraw the femoral
implants or the cement used in its fixation, false tracts related to accidental perfora-
tions or even intraoperative fractures. None of these situations favours a correct
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cementation but are compatible with the use of cementless implants associated with
reconstruction techniques with bone grafts. The use of cemented implants makes a
biological repair impossible; the use of uncemented diaphyseal fixation implants [38,
42, 55] associated with transosseous approaches allows the spontaneous reconstruc-
tion of the weakened proximal bone. The method proposed is useful in conditions of
bad cementing techniques [15, 22]. On some occasions the loss of bone stock is so
extensive that a correct spontaneous repair cannot be expected and in these cases the
two-stage revision using cementless implants allows us to use bone grafts to restore
precarious bone stock in a biological way. Obviously a correct joint reconstruction
that includes the use of bone grafts can only be considered when the septic process
has been eradicated [108]. The advantages of cementless revision for infection are
that they have the potential long-term fixation in a revision situation. Authors, such
as Fehring [26], among others, arrive at the same conclusion.

None of our 23 patients showed signs of prosthetic dysfunction, with a follow up of
74.5 months. It is a useful method which avoids cementing in those cases where that
would be precarious for the coexistence of fractures, false tracts, windows or osteoto-
mies created during the debridement stage.

Cement with antibiotics is not essential for the treatment of infection associated
with arthroplasties using this technique. Our eradication rate infection of 95.7 % (22
of 23 cases) certainly is superior in comparison with other series using antibiotic-
impregnated cement. The advantages of cementless revision for infection are that
they have the potential long-term fixation in a revision situation, and they lack the
inhibitory effect on polymorphonuclear leukocytes arising from the presence of
polymethylmetacrylate, which may have a deleterious effect on the immune system
[74, 75]. Another effect negative originated by antibiotic-cement, it is derived from
the potential risk of appearance of antibiotic-resistant bacteria by mutation. Some
weeks after the use of the antibiotic-cement, the antibiotic liberation from the cement
takes place to sub-therapeutic doses [45, 98].

Finally, eliminating the bone-cement interface allowed for healing with a simple
antibiotic treatment retaining the implant. If the infection relapses, the elimination of
the bone-cement interface allows healing with a simple antibiotic treatment, retain-
ing the implant. In this series, the only case relapsed, we believe was due to the close
relationship of the implant with the endostic vascular bed, a single prosthesis-bone
interface where the humoral and cellular immune systems of the patient could act. It
is possible that had there been a bone-cement interface, the result would not have
been the same and the infection would have been spread by this interface due to a del-
eterious effect on the immune system caused by the polymethylmetacrylate and the
avascular character of the prosthesis-cement interface. Elimination of one of the
interfaces, the cement-prosthesis, which could never receive an antibiotic treatment,
uncemented components and distal support, intimate contact between the circula-
tory system and the implant lets antibiotics reach the implant surface in the event of
persistent infection.
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Introduction

Infection after total hip arthroplasty is a serious complication, and several treatment
strategies have been proposed [5, 7, 10, 29, 35].

Two-stage reimplantation using an interval spacer of antibiotic-impregnated bone
cement has been investigated previously as a method to eradicate infection and pre-
vent limb shortening [12, 15, 20, 21, 41].

Revision surgery of infected hip prosthesis is often associated with femoral bone
loss, due to the septic process in itself, associated mechanical loosening of the pros-
thesis, surgical debridement, cement and/or well fixed prosthesis removal. Pre-
formed antibiotic-loaded spacers (Spacer-G - Tecres Spa, Italy) offer known
mechanical resistance [1, 3], predictable antibiotic release [4] and reduced surgical
time [26]. Additionally the long-stem versions allow to overcome proximal femoral
bone loss, providing immediate primary stability and allowing partial weight bear-
ing [38] (Fig. 1).

Medium-term results of a consecutive series of patients with chronically infected
total hip arthroplasty, treated according to the same protocol are reported. The proto-
col included a two-stage revision using preformed antibiotic-loaded cement spacers
and cementless modular long stem revision prosthesis together with prolonged sys-
temic antibiotic therapy after first and second stage

Materials and Methods

From year 2000 to 2006 103 patients, affected by chronic septic hip prosthesis, under-
went two stage hip revision in our Department. For the purpose of this study we have
considered the first 48 consecutive patients, at a follow-up ranging from 2 to 6 years
from revision. Two patients were lost to follow-up.

In all the cases the infected prosthesis was removed and a preformed antibiotic-
loaded spacer (Spacer-G - Tecres Spa, Italy) was implanted. Spacer-G is an off-the-
shelf preformed antibiotic-loaded cement hip spacer. It is available in three in differ-
ent head sizes and two stem lengths, short (110 mm) and long (210 mm), that may be
intra-operatively chosen. The inner part of the spacer features a stainless still rod that
provides mechanical resistance. The cement is pre-loaded by the manufacturer with
gentamicin at a concentration of 1.9 % (w/w).
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Fig. 1. Preformed antibiotic-loaded spacers
(Spacer-G - Tecres Spa, Italy); a short

(110 mm) and b long (210 mm) stemmed
a b spacers come in three different head sizes
(not shown)

8 to 12 weeks (mean 10.7 +- 2.1) after implantation, the spacer was removed and the
patients underwent reconstruction using cementless modular prosthesis and non-
cemented cups.

All the patients received systemic antibiotic treatment with two antibiotics for six
weeks after the first and the second stage, on the basis of the antibiogram.

There were 18 men and 30 women. Mean age at the time of the operation was 56.8
years (range, 18-79). 29 patients were Type B hosts according to the Cierny-Mader
classification system [8].

20 of the initial prosthetic components were cemented, 22 uncemented and 6
hybrid (femoral stem cemented, cup uncemented). Pre-operative limb shortening
ranged from 0 to 60 mm.

The interval between the previous index operation and the revision ranged from 1
to 8 years. 17 patients underwent a previous revision operation and in the remaining
patients all but 6 had at least one previous failed debridement.

Specimens for culture were obtained from wound drainage in 25 patients, from hip
aspirate in 19 patients, only intra-operatively in 3 patients.

All the hips in this series were treated through a lateral approach, with the patient
laying in supine position. In 32 cases the bone loss was Grade 3 or 4 according to
Paprowsky classification and/or a large window femoral opening or a trans-femoral
approach was necessary to remove a solidly fixed cemented or cementless femoral
component or cement mantle.

After prosthesis removal and accurate bone and soft tissues debridement, Spacer-
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G was inserted. In all the cases the spacer was fixed in the proximal part (Fig. 2), to
prevent implant rotation, with one pack of antibiotic-loaded cement (Cemex Genta -
Tecres Spa, Italy - gentamicin 2.5 %) to which vancomycin (5 %) was also intra-opera-
tively added. The vancomycin powder was thoroughly mixed with the cement powder
before the addition of liquid monomer. In the presence of gentamicin-resistant
strains, vancomycin was also added to the spacer with the drilling technique, as
described by Bertazzoni Minelli [4].

After spacer implantation and reduction, the osteotomy eventually performed was
re-approximated around the antibiotic cement spacer with resorbable suture and no
metallic cerclages or plates were used for further synthesis. No bone grafts were used

Fig. 2. 54-year-old
man who had persis-
tent infection with a
draining sinus in pre-
vious failed revision
surgery

a pre-operative plain
radiograph

b intra-operative pic-
ture of the implanted
pre-formed cement
spacer, fixed proxi-
mally with antibiotic-
loaded cement

c radiographic view of
the long stem spacer
in situ
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Fig. 2d. Revision with
modular cementless
implant and large

(38 mm) metal-on-
metal ball and socket,
at 76 days after spacer
implant

N
Fig. 2e. Early post-operative X-ray

at the time of spacer implantation. 32
patients had severe proximal femoral
bone loss, that required the use of a long-
stem cement spacer and, 9 patients
\ received autologous (three) or homolo-
gous (six) bone grafts with autologous
platelet-rich-plasma.

Postoperatively, patients were allowed touch-down weight bearing for one month
and then partial weight bearing on the operated extremity with two crutches until re-
implantation.

All the patients received a minimum of 6 weeks of organism-specific antibiotics
postoperatively and returned for clinical follow-up at the completion of their antibi-
otic course.

Routine laboratory studies were obtained including complete blood count with
differential, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP).
Patients were scheduled for removal of the spacer and revision arthroplasty 2 to 4
weeks after completion of intravenous antibiotics or 8 to 12 weeks after spacer
implantation. Patients with successful eradication of their infection, as evidenced by
complete blood count with differential and C-reactive protein within the normal
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ranges underwent the second stage of their reconstruction. If clinical suspicion of
persistent infection remained, despite negative laboratory studies, joint aspiration
before reimplantation was performed for cultural examination and white blood cells
count. In all cases, intraoperative cultures were obtained at the time of the second
stage procedure.

At revision the hip was exposed through the same lateral incision, and all the spac-
ers were removed without difficulty.

All the hips were treated with modular titanium cementless femoral components
(Profemur, Wright, or S-ROM Johnson&Johnson DePuy). Unconstrained cementless
acetabular components were used in all cases. Touch-down weight bearing was
allowed for 6 weeks followed by 50 % weight bearing for 6 weeks. Full weight-bearing
and abductor strengthening were permitted 12 weeks after surgery. After operation,
parenteral antibiotics were administered for 6 weeks. After each procedure closed
suction drainage was inserted and removed after 48 hours.

All the patients underwent enoxaparin 0.4 ml/die for 30 days after surgery to pre-
vent trombohaembolic complications and celecoxib 200 mg/die administration for 14
days after revision surgery, to prevent heterotopic ossifications [37].

Our primary outcomes included eradication of infection, spacer stability and
integrity and implant stability.

Failure of treatment was a recurrence of infection, defined as the occurrence of
clinical signs of infection (redness, swelling, pain, fistulae) whenever at follow-up.

Preoperative and post-operative hematologic studies included the determination
of erythrocyte sedimentation rate, white blood cell count, and C-reactive protein
level. Plain radiographs included anteroposterior and trans-lateral views of the hip
joint.

Radiographic examination was performed at 2, 6 and 12 months postoperatively,
followed by yearly intervals thereafter. These were compared to determine femoral
component subsidence and signs of osteolysis.

Hip function was recorded using the method of Merle d’Aubigne et al [30]. In this
scoring system, 6 points were awarded for the following: pain, walking ability, and
movement range. This amounted to a total score of 18 for a normal hip. A rating of 17
to 18 was considered excellent; 15 to 16, good; 13 to 14, fair; and <13, poor. Clinical
failure was defined as a Merle d’Aubigne hip score of <13.

Heterotopic ossification was quantified using the classification proposed by Broo-
ker et al [6].

The spacer dislocation and use of allograft were also noted and included in the
analysis. Complications including persistent infection, fractures, implant instability,
subsidence or proximal migration, and revision were noted.

Results

The 48 patients included in this study were followed for an average of 48 months
(range, 24-72). Two patients were lost to follow-up at 24 and 34 months post-opera-
tively, respectively.

The average preoperative hip score by Merle d’Aubigne et al [30] was 4.9 points
(range, 3-12). Before operation, erythrocyte sedimentation rate averaged 82 mm/h



236

Clinical Applications: Hip

(range, 12-155), and C-reactive protein level averaged 72 mg/L (range, 5-258).
Erythrocyte sedimentation rates, C-reactive protein levels, or both were high in 44
patients.

Identified organisms were the followings: Staphylococcus aureus in 21 patients
and Staphylococcus epidermidis in 19 patients (methicillin-resistant staphylococcal
strains: 22), Pseudomonas aeruginosa in 8 patients, Escherichia coli in 2 patients,
Enterobacter cloacae in 1 patient, Serratia marcescens in 1 patient, no isolates in two
patients. 6 patients showed a mixed flora.

The duration of the first stage of the operation averaged 165 minutes (range,
125-220). Blood transfusions averaged 4.5 units of blood.

The interval between the first-stage and second-stage operations ranged from 8 to
12 weeks (mean 10.7 + 2.1).

During the interval, most patients had tolerable pain in the hip; 32 patients had no
pain, 14 patients had mild pain and 2 patients had moderate pain.

36 patients were able to walk with partial weight bearing and 12 with touch-down
weight bearing. 1 patient who had a femoral nerve palsy walked with a knee-brace.

A cementless femoral component was implanted in all the 48 revised hips (Profe-
mur R modular long-stem, Wright-Cremascoli or S-ROM, Johnson&Johnson DePuy).
Acetabular revisions were performed with uncemented components in all the cases.

The duration of the second-stage operations averaged 175 minutes (range,
130-250). Blood transfusions averaged 4.2 units (range, 3 -12) of blood. The closed
suction drain was removed at 2 days after the second-stage operation. The total
drainage ranged from 210 to 650 mL (average, 470).

At the time of the latest follow-up one patient (2.2 %) showed clinical evidence of
infection recurrence. This was a Type B host, according to Cierny-Mader (rheuma-
toid arthritis and immunosuppressive treatments).

The hip score was improved to an average of 13.8 points (range, 10-16). 26
patients (55 %) had excellent or good results, 14 patients had fair results, and 4
patients had poor results. The short operated limbs were lengthened a mean of 19 mm
(range, 0-35).

At the latest follow-up all the acetabular components were stable and none of the
femoral components were revised. In 42 hips, the femoral stems were fixed by bone
ingrowth and good proximal bone remodeling was achieved (Fig. 3). The remaining
4 femoral stems subsided 2 to 5 mm, but they were stabilized by stable fibrous
ingrowth. The 9 hips that received morcellized autologous (3 patients) or homolo-
gous (6 patients) bone grafts and platelet-rich-plasma had complete healing within 6
months with bone ingrowth.

Postoperative complications included nine spacer cranial dislocation, that
required no treatment but prevented weight bearing, one femoral nerve palsy, par-
tially recovered after 12 months, two revision prosthesis dislocations, that required
open reduction and change of the modular neck offset. No Grade 3 or 4 heterotopic
ossification occurred.

Four patients had side effects during antibiotic treatment, including gastrointesti-
nal tract dysfunction in one patient, temporary liver dysfunction in two patients and
bone marrow depression in one patient. These side effects were resolved after tempo-
rary withdrawal of antibiotics.
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Fig. 3. 71-year-old
woman who had persis-
tent infection with a
draining sinus in previ-
ous failed revision sur-
gery, with wide proxi-
mal femoral bone loss,
a pre-operative plain
radiograph, b radio-
graphic view of the
long stem spacer in situ
¢ intra-operative pic-
ture of the implanted
cementless revision
prosthesis, with mor-
cellized homologous
bone grafts and plate-
let-rich-plasma in the
proximal third of the
femoral component
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Fig. 3d. early post-operative X-ray, e at two
years follow-up, f note the optimal new bone
formation and osteointegration of the graft
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Discussion

Duncan and Beauchamp [21] who introduced the concept of the interval spacer in a
two-stage procedure for the treatment of infected THA, developed a refined interval
spacer (prosthesis of antibiotic-loaded acrylic cement [PROSTALAC]) that has to be
prepared intraoperatively by the surgeon. The eradication rate of infection was
93.5 %. The merits of PROSTALAC were a decrease in hip pain and the ability of
patients to walk between the 2 stages. The Spacer-G preformed cement spacer allows
early weight bearing and (protected) walking ability, pain-free hip mobility and pre-
dictable antibiotic local release, while it adds the following advantages: reduced
operatory time and different sizes available, including long-stem spacers. Long-stem
preformed spacers appear particularly useful in consideration of the frequent occur-
rence of proximal femoral bone loss in hip infection surgery either due to the loosen-
ing of the prosthesis, the septic process and/or to surgical debridement or intra-oper-
ative fractures [2, 9, 11, 17, 31, 36, 42]. Long-stem spacers provide also in these chal-
lenging cases, primary stability and mechanical resistance allowing partial weight
bearing, while the range of movement and limb length is maintained [38].

Cranial dislocation of the spacer was the main complication in the present series
(19 %) and, although it did not required any treatment, its occurrence did not allow
to maintain limb length and prevented weight bearing. Concurrent acetabulum bone
loss and/or muscle insufficiency and the fixed offset of the spacer are the main rea-
sons for the relatively high rate of this complication. The patients should adequately
be informed prior to spacer implant of the possible occurrence of this complication
that does not seem to affect the final result, but significantly reduces walking ability
during the interval between spacer and revision surgery. It should be noted that, even
in the case of spacer dislocation, the presence of the spacers is helpful in preventing
further limb shortening, in assuring local antibiotic delivery while filling the dead
space caused by prosthesis removal.

Dislocation of the revision prosthesis occurred in two cases (4 %) both of whom
required open reduction and change of modular neck offset. Although this rate of dis-
location is relatively low, compared to other studies, in which revision prosthesis dis-
location rate ranges from 10.2 % to 31 % [13, 14, 31], both cases in our series had
spacer dislocation prior to revision surgery. In case of spacer dislocation we now rec-
ommend, whenever possible, earlier revision (6 to 8 weeks after spacer implant) and
the use of larger (36-mm or more) metal on metal socket balls at reimplantation. This
led us to observe no dislocation after revision in the most recent series of 44 patients
operated in the last two years.

Cementless revision arthroplasty provided a higher success rate than the cemen-
ted revision in a similar follow-up in aseptic loosening in different studies [13, 14, 23,
32] and long-term survival of antibiotic-loaded cemented prosthesis has been shown
to be rather low [7]. In the revision of the infected hip prosthesis, however, the
cementless system may have a possible disadvantage because local antibiotics cannot
be delivered without using the cement. On the other side one may argue that if the
antibiotic in the cement spacer did not provide local antibiotic levels able to eradicate
the infection during a two-three months period, this will not be achieved by the nec-
essarily lower levels of antibiotics added to the cement used for fixation of a revision
prosthesis.
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Relatively few studies have reported the results of 2-stage reimplantation using
cementless components in an infected hip. Nestor et al [35] reported an 18 % rate of
recurrent infection in their study of 34 cementless revisions for the treatment of
infected total hip prosthesis. They concluded that cementless revision does not
improve the rate of resolution of infection. On the contrary Fehring et al [15] and
Haddad et al [18] reported an 8 % infection recurrence in their studies.

Eradication of infection in our series was achieved in 45/48 cases, 2 patients were
lost to follow-up and one (2.2 %) showed infection recurrence. With the protocol used
(local and systemic antibiotic treatment), cementless revision appears safe and effec-
tive to eradicate infection and allow good stability on the medium term. Our results
are better than the 80 % to 95 % eradication rates reported in the literature for chronic
infection [7, 10, 16, 25]; we are now extending our series of patients and follow-up
periods to verify these very encouraging preliminary data. Our results are also
remarkable considering our patient population in whom 16 (28 %) had at least one
failed previous revision procedure and 28 (55 %) were Cierny-Mader B-type host.

S. aureus and S. epidermidis are the predominant organisms of infection after joint
arthroplasty. Methicillin-resistant Staphylococci (MRS) have been identified as an
important pathogen in patients who have an infection at the site of a joint prosthesis
and this also occurred in our series with a relative prevalence of 47 %. Vancomycin is
the most potent agent against MRS. Gentamicin is potent against Enterobacteriaceae
and P. aeruginosa, which are common pathogens of infection after joint arthroplasty.
Nevertheless, many gram-positive and negative organisms are resistant to gentami-
cin. Therapeutic levels of vancomycin and gentamicin, have been found in vitro and
in drainage fluid after they were used with cement [19, 22, 24, 27, 28, 33, 34]. In our
series vancomycin was added in the cement used to fix the spacer implant and with a
drilling technique in the spacer itself.

Levels of vancomycin in serum after the use of vancomycin-loaded cement have
been shown to be negligible, and an association between the use of vancomycin in
cement and the isolation of vancomycin-resistant Enterococci (VRE) have not been
shown [12, 28].

It has been claimed that a drain should not be inserted to spare the antibiotic-rich
periprosthetic fluid [40]. A drain should be inserted, however, to prevent a haema-
toma that could create a medium for organism growth. Drain insertion decreases the
dead space after the haematoma formation. In the present study, a closed suction
drain was inserted in all patients, and we found that drain insertion was not corre-
lated with infection recurrence.

Systemic antibiotic administration has been performed for approximately six
weeks after the first and second stage operation. The antibiotic choice has been made
on the basis of cultural examination and antibiogram and two antibiotics have been
administered parenterally and orally during the first 3 or 4 weeks and then only orally
for the remaining 2 or 3 weeks in all the patients. In the lack of comparative studies it
is not possible to drive any conclusion either if this prolonged systemic antibiotic
treatment was an over-treatment or, on the contrary and as we suggest, if it may have
played a role in the overall good success rate in this series of patients. Four of our
patients (9 %) had side effects due to antibiotics, including temporary liver dysfunc-
tion and bone marrow depression. These side effects might be related to postopera-
tive intravenous antibiotics or antibiotics used in the cement spacer (or both). How-
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ever, the safety of the antibiotic delivery from the cement spacer has been previously
established [12] and the side effects resolved after temporary withdrawal of intrave-
nous antibiotics in all the patients.

We have observed no side effects due to the use of autologous or homologous mor-
cellized bone graft at the time of revision and this is to our knowledge the first report
on the use of platelet-rich-plasma in revision surgery in previously infected hip pros-
thesis. Platelet-rich-plasma has been shown in different studies [39] to provide
locally growth factors able to promote and accelerate bone healing both in animal
and in humans. Even if it was not the aim of this study to demonstrate a quicker or
larger bone growth in patients treated with platelet-rich-plasma in two-stage cement-
less revision of septic hip prosthesis, our data point out the safety of this technology
in this application and the need for further studies, given the frequent occurrence of
bone loss in revision surgery in infections.
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Introduction

Infections of total joint arthroplasties is one of the most debilitating situation for the
patients that have received an artificial joint replacement. The infection rate of total
joint arthroplasty varies between different reports (0.3 % [19], 1.0- 1.7 % [3, 13, 26],
3% [16],7 % [17]. However, with today’s modern surgical techniques, antibiotic pro-
phylaxis and clean air surgical suits, the infection rate should not exceed 2 % [24].

The pathway of the infection consists of contamination with pathogens, their adhe-
sion, colonization, invasion of tissues, and exacerbation of the infection. In normal tis-
sue there is a balance between the pathogen and the humoral defence which depends
on the rate of multiplication of the pathogens and the ability to eliminate them [8].

The specific situation in the periprosthetic infection is the ability of bacteria to
form a biofilm on the implant surfaces with a high affinity to smooth surfaces and
polyethylene. It is known for a long time that a foreign body material infection can be
induced by a very low number of pathogens: 100 bacteria are considered to be a suffi-
cient number to cause an infection of an implant [6, 22]. This then initiates a cascade
of events that involves the competition for the implant surface between osteoblasts,
fibroblasts, and bacteria [11].

This paper gives an overview of the treatment with two-stage revision surgery in
periprosthetic infections. The clinical results of a high-risk cohort of patients with
rheumatoid arthritis as their presenting underlying diagnosis. They were treated
with total joint replacement and became infected. A two stage revision was per-
formed and the results reported.

Our treatment protocol follows an algorithm that includes preclinical, analytical
as well as clinical, therapeutical procedures. Patients with an exacerbated infection or
early infection of their total joint are rather rare. Most often patients present with
low-grade infection.

The patient with onset of pain in an artificial joint is screened with routine radio-
graphs and blood tests. Isotope scans can be performed but are not highly specific
[15, 23]. Fluoroscopy may be helpful to rule out impingement as well as CT scans may
show malpositioning of the implant components. An aspiration is performed under
sterile conditions, the sample is sent to a microbiology laboratory that ensures a cul-
ture time of more than 10 days to detect low-grade infections [1, 18]. If the results are
not conclusive, an open or arthroscopic biopsy is performed and tissue from the
inner joint capsule is analysed by microbiology and pathology [9].
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The proof of a periprosthetic infection requires the removal of all prosthetic com-
ponents, including well-fixed components [12, 14]. Aggressive debridement is per-
formed in order to eliminated necrotic and infected tissues. In case of cemented
implants, the parts of the cement mantles are very thoroughly removed from the
implant bed. An antibiotic spacer formed from cement is inserted into the joint for
two reasons: 1. Local release of antibiotics is desirable for a certain period of time.
Therefore, specific antibiotics for the bacteria may be added to the cement. 2. The leg
length can be maintained by the use of a spacer and mobilization of the patients is
easier than with just only implant removal alone. Intravenous antibiotic treatment is
given to the patient for 2 weeks, and 4 weeks orally.

6 weeks after removal of the prosthetic components, the spacer is removed, the
implant site is again thoroughly debrided and the revision joint replacement is per-
formed. The antibiotic treatment is continued for 2 additional weeks.

Materials and Methods

The septic revisions of patients with total hip, knee and elbow arthroplasties of the
Rheumaklinik Bad Bramstedt from 1990 to 2000 were reviewed. Only total joint
arthroplasties that were implanted in the Rheumaklinik Bad Bramstedt were included
to this review. The infection rate in the cohort was 0.72 %.

Patient’s Profile

There were 47 patients, 24 were females and 23 were males. Underlying disease was
rheumatoid arthritis (RA) in 21 patients, 26 patients had joint replacement secondary
to degenerative osteoarthritis (OA). The age ranged from 21 to 86 years with a mean
age of 62 years. The total joint replacements were 15 total hips, 29 total knees, and 3
elbow prostheses. The follow-up time was 70 months (3 - 162 months). Endpoints of
the review were septic recurrence, death, or last follow up contact with the patient
(Table 1).

Clinical symptoms and diagnostics

All patients had obvious clinical symptoms with pain in their joints, reduced range of
motion. The laboratory parameters for infection were elevated in 76.6 %. An aspira-
tion was performed in all cases and bacteria could be detected in 85.1 %. Isotope scan
was performed in 83.7 % of the cases and had a sensitivity of 100 %.

Radiological signs of loosening were seen only in 34 % of the cases.

Table 1. Clinical pro-

Age 21-86 yrs.
Site 15 Hips, 29 Knees, 3 Elbows
Diagnosis 26 Arthritis, 21 RA

Follow up 70 mts. (3-162)
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Results

At the time of the surgery, samples for bacteriology were taken. In 2 patients an infec-
tion could not be proven by intraoperative samples. However, in 95.8 % of the cases
the preoperative diagnosis of periprosthetic infection was supported by intraopera-
tive sampling. All patients were subjected to a two-stage revision. The patients
received 6 weeks of antibiotic treatment during a period with a spacer in the infected
site. The patients received cemented artificial joint replacements for revision implant.

In this cohort 36 patients (76.6 %) were free of infection at the time of their last fol-
low up. 3 of the patients died not related to surgery without a recurrence of infection.
11 patients (23.4 %) had a recurrence of their infection. The underlying diagnoses of
these patients were in 7 cases rheumatoid arthritis and only in 4 cases degenerative
arthritis. The sites of the infection in the rheumatoid patients were 4 hips, 2 knees and
1 elbow. In the other group of the patients, there were only patients with infected
endoprostheses of the knee.

The overall success rate to cure the periprosthetic infection was 83 % in the arthri-
tis group and 71 % in the rheumatoid arthritis group (Table 2).

Table 2. The clinical
No recurrence Recurrence
outcome of the

patients after two 36 11
stage revision surgery Diagnosis 14 RA, 22 Arthritis 7 RA, 4 Arthritis

Discussion

This paper reveals the effectiveness of two stage revision surgery in cases of peripros-
thetic infections. The rate of infection in this cohort of patients was 0.72 %. This
reflects the infection rates (0 % - 2 %) that are reported in the literature elsewhere [3,
13, 26]. 23.4% of the patients had a recurrence. The predominant patients with a
recurrence of infection were patients with rheumatoid arthritis as underlying
arthropathy (63.4 %).

The importance for the success of the revision of a periprosthetic infection has
several factors. The appropriate sampling and handling of the specimens. The spec-
imen should be representative for the site of infection and free of contaminating
bacteria. We consider joint fluid or biopsy tissue as representative. This may lead to
an increased rate of successful diagnostic procedures. The identification of the
pathogens is described between 60 % [7] up to 80 % [2] and 90 % [21]. Using our
diagnostic algorithm, it was possible to identify the pathogen in more than 85 % of
the cases.

The eradication of the implant associated infections without removing foreign
body is not possible [10]. Thus, the removal of the implants is mandatory in late infec-
tion. However, other options that are in clinical use should be also discussed in the
following paragraphs.

The retention of the prosthesis is only an option for early infection following 6
weeks after implantation of the artificial joint. This includes the revision, debride-
ment, exchange of the mobile parts of the prosthesis and/or suction/irrigation which
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is followed by long-term systemic antibiotic therapy. However, this is a treatment that
should only be applied to patients within 6 weeks after their joint replacement [5].

The most promising treatment is the exchange of the prosthesis in a one stage revi-
sion or a two stage revision procedure. One stage revision procedures require the
exchange of the procedure with a debridement of the implant bed and the cemented
re-implantation with the addition of specific antibiotics to the bone cement [10, 20,
24, 25]. The treatment with two stage revision surgery was described earlier.

The risk factors for implant infections are variable and several factors have been
shown to be primary risks and other have been shown to be supportive [4].

The risk factors like previous joint replacement, postop wound infection, malig-
nant disease, and increased NNIS score are associated with a increased of peripros-
thetic infection. Relative risk factors amongst others are rheumatoid arthritis and ste-
roid therapy and also placement of the implant close to the skin. This is represented
in our results: In the group of patients with degenerative arthritis, we observed infec-
tions only in patients with knee total replacements. Furthermore, the infection rate
was clearly increased in patients with rheumatoid arthritis and long term steroid
therapies.

The advantage of the two stage revision surgery includes a continuous local release
of antibiotics. Those antibiotics must be able to infiltrate bony tissues, should have
low tissue toxicity and high tissue compatibility. Additional systemic therapy is man-
datory. [28].

Two stage revision surgery is treatment of choice in our algorithm. Only treating
with systemic antibiotics is not effective in our opinion and should be considered
only in a highly selective patients. This treatment alone can only be considered as
suppression of the infection but not as eradicating the infection. We believe that the
addition of antibiotics in the spacer cement for 6 weeks has advantages for the effec-
tive treatment in periprosthetic infections. Systemic therapy is mandatory, Rifampi-
cin is one of the most valuable agents to treat infected implant. Usually, a combination
therapy is favourable in systemic antibiotic therapy [27]. Our patient profile shows
that patient with rheumatoid arthritis and steroid therapy do not only have a higher
risk for implant infection but also for their recurrence.

References

1. Atkins BL, Athanasou N, Deeks JJ et al (1998) Prospective evaluation criteria for microbiologi-
cal diagnosis of prosthetic joint infection at revision arthroplasty. J Clin Microbiol
36(10):2932-2939

2. Barrack RL, Harris WH (1993) The value of aspiration of the hip joint before revision total hip
arthroplasty. ] Bone Joint Surg (Am) 75(1):66 - 67

3. Bengston S, Knutson K, Lidgren L (1989) Treatment of infected knee arthroplasty. Clin Orthop
Relat Res (245):173-178

4. Berbari EF, Hanssen AD, Duffy MC et al (1998) Risk factors for prostetic joint infections: case
control-study. Clin Infect Dis 27(5):1247 - 1254

5. Crockarell JR, Hanssen AD, Osmon DR et al (1998) Treatment of infection with debridement
and retention of the components following hip arthroplasty. ] Bone Joint Surg (Am)
80(9):1306-1313

6. Elek SD, Conen PE (1957) The virulence of Staphylococcus pyogenes for man; a study of the
problems of wound infection. Br ] Exp Pathol 38(6):53-86



27 Two-stage Revision Surgery in Septic Total Hip Arthroplasty

247

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Fehring TK, Cohen B (1996) Aspiration as a guide to sepsis in revision total hip arthroplasty.

J Arthroplasty 11(5):543 - 547

. Frommelt L (2006) Principles of systemic antimicrobial therapy in foreign material associ-

ated infection in bone tissue, with special focus on periprosthetic infection. Injury 37(Suppl
2):587 - 94

. Fuerst M, Fink B, Riither W (2005) The value of preoperative knee aspiration and arthro-

scopic biopsy in revision total knee arthroplasty. Z Orthop Ihre Grenzgeb 143(1):36-41
Garvin KL, Hanssen AD (1995) Infection after total hip arthroplasty. Past, present and
future. ] Bone Joint Surg (Am) 77(10):1576 - 1588. Review

Gristina AG (1994) Implant failure and immuno-incompetent fibro-inflammatory zone. Clin
Orthop Relat Res (298):106-118

Haddad FS, Muirhead-Allwood SK, Manktelow AR et al (2000) Two-Stage uncemented revi-
sion hip arthroplasty for infection. ] Bone Joint Surg (Br) 82(5):689-694

Hanssen AD, Osmon DR, Nelson CL (1997) Prevention of deep periprosthetic joint infection.
Instr Course Lect (46):555 - 567

Hanssen AD, Rand JA (1999) Evaluation and treatment of infection at the site of a total hip or
knee arthroplasty. Instr Course Lect (48):111-122

Johnson JA, Christie MJ, Sandler MP et al (1998) Detection of occult infection following total
joint arthroplasty using sequential technetium-99m HDP bone scintigraphy and indium-111
WBC imaging. ] Nucl Med 29(8):1347 - 1353

Knutson K, Tjornstrand B, Lindgren L (1985) Survival of knee arthroplasties for rheumatoid
athritis. Acta Orthop Scand 56(5):422-425

Kristensen O, Nafei A, Kjaersgaard-Andersen P et al (1992) Long-term results of total condy-
lar knee arthroplasty in rheumatoid arthritis. ] Bone Joint Surg (Br) 74(6):803 - 806
Lachiewicz PE, Rogers GD, Thomason HC (1996) Aspiration of the hip joint before revision
total hip arthroplasty. Clinical and laboratory factors influencing attainment of a positive
culture. ] Bone Joint Surg (Am) 78(5):749-754

Lidwell OM (1986) Clear air operation and subsequent sepsis in the joint. Clin Orthop Rel
Res (211):91-102

Masterson EL, Masri BA, Duncan CP (1998) Treatment of infection at the site of total hip
replacement. Instr Course Lect (47):297 - 306

Spangehl MJ, Masri BA, O’Connell JX et al (1999) Prospective analysis of preoperative and
intraoperative investigations for the diagnois of infection at the site of two hundred and two
revision total hip arthroplasties. ] Bone Joint Surg (Am) 81(5):672-683

Stoodley P, Kathju S, Hu FZ et al (2005) Molecular and imaging techniques for bacterial bio-
films in joint arthroplasty infections. Clin Orthop Relat Res (437):31-40

Teller RE, Christie MJ, Martin W et al (2000) Sequential indium-lableled leucocyte and bone
scans to diagnose prosthetic joint infections. Clin Orthop Relat Res (373):241 -247

Toms AD, Davidson D, Masri BA et al (2006) The management of per-prosthetic infection in
total joint arthroplasty. ] Bone Joint Surg (Br) 88(2):149-155

Tsukayama DT, Goldberg VM, Kyle R et al (2003) Diagnosis and management of infection
after total knee arthroplasty. ] Bone Joint Surg (Am) 85(Suppl 1):75-80

Zimmerli W (1995) Role of antibiotics in the treatment of infected joint prosthesis. Ortho-
pade 24(4):308-313

Zimmerli W, Tampuz A, Ochsner PE (2004) Prosthetic-joint infections. N Engl ] Med
351(16):1645-1654. Review

Zimmerli W, Widmer AF, Blatter M et al (1998) Role of rifampicin for treatment of orthope-
dic implant-related staphylococcal infections: a randomized controlled trial. Foreign-Body
Infection (FBI) Study Group. JAMA. 279(19):1537 - 1541



28 One-stage, Two-stage or Multi-stage Revision:
the Reason of a Choice

M. DIEFENBECK!, A. TIEMANN!, G.O. HOFMANN!?

! Klinik fiir Unfall- und Wiederherstellungschirurgie, Berufsgenossenschaftliche Kliniken
Bergmannstrost, Halle / Saale, Germany

2 Klinik fiir Unfall-, Hand- und Wiederherstellungschirurgie, Friedrich-Schiller-Universitit
Jena, Germany

Introduction

Infection remains a serious complication following arthroplasty. Despite the im-
provement in surgical technique and implant design, the overall rate of infection
ranges from about 0.5-1.4 % in total hip arthroplasty [12, 25].

The exact infection rate varies depending on localization, technique (cemented vs.
cementless), duration of follow-up and implant used (Table 1).

To understand the difficulties in treating periprosthetic infections, we have to
focus on some microbiological concerns. Bacteria adherent to the surface of implants
change their biological behaviour. They produce a biofilm, the so-called glycocalix
[20], which creates a microenvironment protective against antibiotics and the host’s
immune system (Fig. 1) [20, 33, 42]. Moreover, they reduce their metabolic activity
and thus increase their generation times [4]. Because antibiotics act on growing bac-
teria, the minimum inhibitory concentrations (MIC) are higher with bacteria which
have reduced metabolic activity. Costerton et al. found an 800-fold increased MIC for
Tobramycin in adhesive Pseudomonas aeruginosa compared to non-adhesive bacte-
ria [11].

With antibiotics and the host immune system becoming ineffective against the
adhering bacteria and no possibility to remove the bacteria from the implant surface,
the replacement of a prosthesis is the only remedy in many cases.

For any treatment concept it is important that the microbiological cascade, includ-
ing the biofilm production, is time-dependent. Hence, if the treatment starts early,
before the planctonic bacteria become adhesive in large numbers and produce a pro-
tective glycocalix, the best results can be achieved.

Table 1. Infection rate

Technique foial::-:; up iztf:f;:on Year / reference in total hip arthro-
0 plasty

Cemented 5 0.2 (AB*) - 0.8 1997 / [18]

Cemented 10 0.4 (AB*) - 0.7 2003 / [17]

Screwedcup 10 4 1998 / [1]

Screwed cup 5 1.2 1998 / [15]

Screwed cup 6.3 0 2003 / [53]

Press-fit 9.1 0.76 1998 / 3]

Press-fit 9 1.4 2001/ [2] e L

Press-fit 10.3 11 2001 / [27] * antibiotic-loaded

cement
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Fig. 1. Staphylococcus
epidermidis adhesive
on polyethylene (PE)
(Photo: W. Mittel-

meier, TU Miinchen)

Table 2. Revision
concepts in infected
arthroplasty

® Antibiotic treatment without surgery

® Debridement and irrigation with retention of the components
© One-stage revision

® Two-stage revision

© Multi-stage revision

The classification which correlates best with the microbiological process was pub-
lished by Segawa et al [44] and Mont et al [39]. Early postoperative (acute) infection
appears within the first four weeks after surgery, late chronic infection thereafter [39,
44]. Only in acute infection exists a realistic chance to eradicate the bacteria without
removing or exchanging the implant. In chronic infection an exchange of the implant
is mandatory.

However, the duration of infection is not the only parameter for the decision on a
treatment concept. Age, comorbidity and immune response of the patient, sensitivity
of the infecting bacteria and implant design [10] must be considered as well.

After taking all the details into account, the surgeon can decide which approach is
the most promising. The different treatment options (Table 2) are described.

Revision Concepts
1. Antibiotic Treatment without Surgery

Conservative antibiotic therapy without an operative intervention should be
restricted to patients which are not suitable for surgery because of their comorbidity
or which disagree on a revision after informed consent. Cure from infection by con-
servative treatment cannot be expected, but a controlled status quo can be achieved.
Prerequisite for antibiotic therapy is that bacteria have been identified and oral
antibiotics, according to the antibiogram, are available. To reduce the risk of inducing
resistance, a double therapy should be used. The combination of rifampicin and
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ciprofloxacin was shown to be effective in septic TKA caused by Staphylococcus epi-
dermidis [36].

2. Debridement and Irrigation with Retention of the Components

From a microbiological point of view, retention of the implant is only indicated if bac-
teria are still in a planctonic state and not yet adhesive to the components in large
numbers.

As mentioned above, the time frame from the planctonic to the sessile status of
bacteria with biofilm production is very small.

Good results with debridement, lavage and retention of components have been
shown by Tsukayama et al [46]. In addition, Crockarell et al could clearly show that
debridement and lavage were only successful within 4 weeks after primary hip
arthroplasty and if debridement is performed early after the onset of symptoms
(within 6 to 14 days) [12]. In all cases of late chronic infection the treatment was
doomed to fail, while in acute infection 72 % were successfully treated after one year.
However, after 6.7 years only 14 % were still free from infection [12]. In more recent
trials success rates between 9 % [31], 32.6 % [45] and 35 % [14] in infected total knee
arthroplasty were reported.

Radical debridement and lavage with retention of components should only be
attempted in cases of early (acute) postoperative infection with a stable implant (Fig.
2). The surgical treatment is usually combined with IV antibiotics over 4 weeks fol-
lowed by oral antibiotics for 6 weeks. Local antibiotics, like gentamicin-loaded colla-
gen sheets can be used in addition [48]. If necessary, debridement can be repeated or
a sequential therapy with Vacuum Assisted Closure (VAC) between two revisions per-
formed [19].

Staphylococci have a high affinity to polyethylene (PE) components. In case of
periprosthetic infection by these bacteria, exchange of PE components in combina-
tion with debridement and lavage is suggested [5].

In case of progression of infection, a second revision with exchange of the implants
becomes necessary.

Fig. 2. Debridement
and irrigation by jet-
lavage with retention
of cup and stem and
exchange of head and
inlay in infected total
hip arthroplasty
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3. One-stage Revision

Bacteria adhesive to the components and protected by a biofilm cannot be removed
from the surface by any mechanical, antiseptic or antibiotic approach. In conse-
quence, a revision arthroplasty becomes necessary in late chronic infection. Debride-
ment alone and retention of components were shown to fail in all cases of chronic
infection [12].

In the early eighties Buchholz and coworkers published their experience in one
stage total hip revisions. Surgery included excision of soft tissue, removal of the
implant and cement, replacement with an appropriate prosthesis using antibiotic-
loaded cement and systemic antibiotics. Overall success rate after ten years was 77 %
in 583 patients [5]. Hanssen and Rand could show that the use of antibiotic-loaded
cement in one stage revisions is significantly more successful than usual cement (suc-
cess rate 83 % vs. 60 %) [25]. More recent studies showed a higher success rate in
small series of 90.9 % [6], 91.7 [7] and 100 % [47]. In a literature review including 12
reports overall success was 83 % [34].

Advantages of a one-stage revision are lower morbidity (single surgery), shorter
hospital stay, lower costs and better functional outcome. The price for these advan-
tages is the risk of recurrent infection, if not all infected tissue and necrotic bone have
been meticulously removed and the “bacterial race for the surface of the compo-
nents” can start again.

Careful selection of patients is important for a one-stage revision: good immune
response, no comorbidity, no draining sinuses and bacteria sensible to oral antibiot-
ics are in favor of this approach.

4. Two-stage Revision

Late chronic periprosthetic infections account for about 70 % of the cases, as com-
pared to less than 30 % for acute postoperative infections [52]. Elderly patients with
concomitant diseases and a low immune response are those more often affected.
Moreover, infection generally starts long before the surgical treatment begins and
draining sinuses exist over a long period.

With this difficult starting point, a one-stage revision is in our opinion too risky;
the two-stage revision should be preferred. Two-stage salvage consists of removal of
implants and cement, placement of local antibiotics (Gentamicin PMMA beads [48]
or PMMA spacer), and appropriate intravenous antibiotic therapy followed by reim-
plantation usually with antibiotic-impregnated cement (Fig. 3) [13]. Time interval
between implant removal and delayed revision surgery varies between one to two
months. Antibiotic therapy should be stopped two weeks before surgery and revision
arthroplasty only performed if blood test (WBC, CRP), clinical examination and / or
cultures of a hip aspiration are negative for infection [40]. In literature success rates
of two stage revisions are reported between 80 % [24] and 92 % [22] in septic THA.

After removal of the implant soft tissue contracture, arthrofibrosis, instability of
the extremity and thus immobility of the patient are feared complications. To avoid
these problems spacers have been introduced to the two-stage revision concept [9].

First, block spacers made of PMMA and gentamicin were used. In addition to serv-
ing as a drug delivery system, the antibiotic-impregnated spacer block gave mechani-
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Fig. 3. Two stage revision in
infected total hip arthroplasty:
a Gentamicin PMMA beads
after removal of the implant;
b and ¢ Revision arthroplasty
with a modular system

cal stability to the joint [9]. Results were good with a recurrence rate of infection after
revision TKA between 0 and 9 % [23, 26, 41, 49]. However, in some cases bone loss in
the bone stock was observed [8]. This led to the frequent use of articulating spacers.
In infected THA spacers are either hand molded of bone cement [50], fabricated in a
Teflon mould (Fig. 4) [43] or preformed (Fig. 5) [38]. Dislocation of hip spacers has
been reported, often in combination with a loosening of the shaft at the femur [37].
This can be avoided if a small amount of additional cement is used for the fixation of
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Fig. 4. Articulating,
antibiotic loaded,
cement hip spacers.
Fabricated in a teflon
mould (Biomet
Deutschland, Berlin,
Germany).

Fig. 5. Articulating,
antibiotic loaded,
cement hip spacers,
preformed (Spacer-G
- Tecres Spa, Italy)

the spacer [21]. Results for the use of articulating spacers in two-stage revisions are

shown in Table 3.

In two-stage hip revision for infection a comparison of the interim use of antibi-
otic-loaded PMMA beads and spacer prostheses in 128 cases was performed. Interest-
ingly, the recurrence of infection was not different in both groups (4.7 %). The use of
a spacer was associated with a higher hip score, a shorter hospital stay, a decrease in
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Table 3. Noncon-

Number of  Recurrences of Follow-up Year / lled q
patients infection after (average in Reference trolled, non-random-
THA revision ) ized clinical studies
on the efficacy of
61 6% 43 1997 [51] a.rti.culating, antibio-
10 20% 35 2001 [38] tic-impregnated
17 0% 38 2003 [50] cement spacers in two
42 2.5% 55 2004 [28] §tage revision after
20 0% 38 2004 [16] infected THA.
24 0% 50 2005 [30]

operative time, less blood loss and less postoperative dislocations [29]. This supports
the safety and efficacy of articulating spacers.

5. Multi-stage Revision

A multi-stage revision concept may be used in “worst case situations”, e.g. chronic
infection caused by methicillin-resistant Staphylococcus aureus (MRSA) or Staphylo-
coccus epidermidis (MRSE) [35] or an extensive system of draining sinus and
abscesses. Surgical technique is equal to the two-stage revision concept, with the
exception that between removal and reimplantation, surgical revisions with debride-
ment and irrigation are performed [32]. During these “second” or “third” look sur-
geries, the surgical site can be explored, debridement and irrigation repeated, speci-
mens for microbiological examinations taken and the time point and technique of
reimplantation planned. To secure drainage of the surgical site, Vacuum Assisted Clo-
sure (VAC-therapy) should be used between the revisions [19].

In a trial (n =30 patients) we could show that at every repetition of the debride-
ment, less often bacteria were detected in the microbiological cultures (Fig. 6). In our
opinion, the risk of a recurrent infection is minimized by the reduction of bacterial
contamination of the surgical site before total hip re-implantation. Thus, not only in
a “worst case situation”, where the bacterial contamination is extremely high, but
also in a young patient with no comorbidity sequential debridement combined with

100
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70

60

50

40

positive cultures in %

Fig. 6. Debridements
and VAC-therapy after
removal of the im-

30

20

10 plants: positive bacte-
o rial cultures are reduc-
1 2 3 4 5 ed by every repetitive

revisions debridement (n =30)
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VAC-therapy may be appropriate to reduce the risk of recurrent infection. If a patient
is suitable for repeated surgeries (no concomitant diseases, good general health, low
risk profile), we suggest a multi-stage revision concept to keep the risk of recurrent
infection as low as possible.

Conclusion

Decision on a treatment concept in infected THA must be based first on the clinical
situation of the patient, especially his age, comorbidity and immune response, second
on the chronicity of infection and third on the sensitivity of the infecting bacteria.

All these factors have to be carefully considered and an individual therapy
planned.

Conservative antibiotic therapy should be restricted to patients not suitable for
surgery. Debridement and retention of components might be successful in an early
acute infection in combination with a good immune response of the patient and bac-
teria with low antibiotic resistance.

One-stage revision can be performed in early (acute) postoperative infection in a
patient with no or little comorbidity.

Two-stage revision seems to become the standard procedure in chronic peripros-
thetic infection with the use of an antibiotic-loaded spacer during the interval
between removal and reimplantation.

Multi-stage revisions can be performed in “worst case situations” like chronic
periprosthetic infection caused by methicillin-resistant Staphylococci or to reduce
the risk of recurrent infection in patients suitable for repeated surgeries.
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Introduction

Two-stage revision is one of the most widely accepted procedures to eradicate infec-
tion and restore function in infected hip prosthesis [4-6, 7, 12]. However no objective
data have yet been published regarding the function of the operated limb and the abil-
ity of the patients to walk during the period of permanence of the antibiotic-loaded
spacer implant, that may range from few weeks to several months [8, 11]. The avail-
ability of a preformed hip spacers allows reproducibility of the intervention and
known mechanical resistance of the implant [1-3] making possible, in the majority
of cases, protected weight bearing and walking while the spacer is in situ [10, 11].

In this preliminary report we summarize some of the findings that we obtained
with computerized gait analysis in patients with hip spacers implanted for hip pros-
thesis infection.

Materials and Methods

Gait analysis was performed in four patients (one male, 75 yrs, 180 cm, 85 kg; one
female 53 yrs, 174 cm, 98 kg; one male, 25yrs, 182 cm, 84kg; one female, 65yrs,
168 cm, 78 kg) in which an infected hip prosthesis had been previously removed and
a preformed antibiotic-loaded spacer (Spacer-G - Tecres Spa, Italy) implanted.

Spacer-G is an off-the-shelf preformed antibiotic-loaded cement hip spacer. It is
available in three different head sizes and two stem lengths, short (110 mm) and long
(210 mm), that may be intra-operatively chosen. The inner part of the spacer features
a stainless still rod that provides mechanical resistance. The cement is pre-loaded by
the manufacturer with gentamicin at a concentration of 1.9 % (w/w).

All the hips in this series were operated through a lateral approach, with the
patient laying in supine position. Two patients received a short-stem spacer, and two
a long-stem spacer. In all the cases the spacer was fixed in the proximal part, to pre-
vent implant rotation, with one pack of antibiotic-loaded cement (Cemex Genta -
Tecres Spa, Italy) containing gentamicin 2.5 % and vancomycin 5 %. All patients were
allowed touch-down weight bearing for one month and then partial weight bearing
on the operated extremity with the assistance of two canadian crutches. Gait analysis
was performed 6 to 10 weeks after spacer implantation.
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Data Acquisition

Data acquisition was performed in the SAFLo gait laboratory of Don Gnocchi Foun-
dation Research Center of Milano, Italy. The laboratory (Fig. 1) is equipped with an
optoelectronic system for kinematic data acquisition (Elite system, BTS, Italy), a
dynamometric platform (Kisler, Winterthur, Switzerland) for ground reaction force
(GRF) measurement and a telemetric 8-channel system (TELEMG, BTS, Italy) for
EMG signals acquisition.

Kinematic data were recorded by means of 8 TV cameras located around the cali-
brated volume of 2.5 x 1 x 2 m?, the three-dimensional position of subject’s relevant
body segments was determined by means of reflective markers (10 mm in diameter)
glued on the following bony landmarks: sacrum, seventh thoracic vertebra, seventh
cervical vertebra and, on both sides of the body, posterior superior iliac spines, lateral
femoral condyles, lateral malleoli and fifth metatarsal heads (Fig. 2). After data acqui-
sition (sampling frequency: 50 frames/sec), the marker coordinates were low-pass fil-
tered (cut-off frequency 3-7 Hz) and individual anthropometric parameters were
used to estimate the internal joint centers, according to a kinematic skeletal model
(Fig. 2). These, in turn, enabled computation of trunk and lower limbs kinematics.
Combining GRF data and kinematic data, lower limb joint moment and power were
computed through inverse dynamic modelling. Surface EMGs were recorded using a
telemetric 8-channel system (TELEMG, BTS, Milan, Italy) from Rectus Femoris (RF),
Vastus Medialis (VM), SemiMembranosus (SM), Biceps Femoris Caput Longus
(BFCL) e Tensor Fasciae Latae (TFL) muscles of the affected leg (implanted with hip
spacer). Myoelectric signals were collected by pre-amplified Ag/AgCl electrodes
(diameter: 25 mm, bipolar configuration, inter-electrode distance: 20 mm) and band-
pass filtered (high_p.ss = 10 Hz, fioy-pass = 200 Hz). Dynamic data and EMG signals were
acquired at a sampling frequency of 1000 Hz and a resolution of 12 bit.

Fig. 1. Picture of the SAFLo
lab. TV cameras and PC-
based work station for data
acquisition and processing
are highlighted.
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Fig. 2. Skeletal model
of lower limb and pel-
vis and configuration
of markers acquired
with the motion cap-
ture system during the
right limb stance
phase of walking. The
ground reaction forces
(yellow arrow) mea-
sured by the force
platform is superim-
posed.

The experimental protocol included: an upright quite standing posture, 10 walking
trials where the platform was hit with one foot (5 trials for each foot) at natural walk-
ing speed, 4 walking trials where the platform was hit with one crutch (2 for each
crutch). With the above protocol, the analysis of the load distribution between upper/
lower limbs and between affected/unaffected side was allowed.

Specific data elaboration, performed with dedicated software developed by the
Bioengineering Centre of the Don Gnocchi Foundation, provided gait parameters
(mean gait velocity, cadence, stride and step length) and the time course of kinematic
and dynamic variables (joint angles, moments and powers, absolute orientation of
lower limb segments, pelvis and trunk.

Results
Kinematic Data

Kinematic data showed walking parameters that remained in the normal values,
although in the slowest speed range. Mean velocity of the gait was in fact reduced
from 20 % to 60 %, compared to normal subjects, in different patients. Reduction of
mean velocity was due to an absolute reduction of the frequency and of the step and
stride lengths. Compared to normal subjects, for the same velocity, we observed that
the decrease of the cadence speed was mainly due to a decrease of the stride and step
length, while the frequency was slightly increased.

Step lengths were asymmetrical, with an increase of the affected side and a
decrease in the sound limb. Stance time and double support were also asymmetrical
with an increase of the duration on the affected limb and a decrease on the contralat-
eral side (Fig. 3).
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Gait strategy may differ:

® Two-phase walking:
- swing phase of the affected limb at the same time of the two crutches,
- swing of the sound limb while the affected limb and the two crutches are sup-
porting body weight.
® Three-phase walking:
- Both two crutches are put forward
- The affected limb is put forward, between the two crutches that are hold still
- The sound limb is then put forward, slightly after the two crutches and the
affected limb

Ground Reaction Forces

Ground reaction forces revealed that patients reduced vertical charge on the affected
limb to 30 % - 50 % of body weight (Fig. 4), sharing the remaining weight equally to
both crutches. The sound limb showed ground reaction forces in the normal range.

Kinetic Data and EMG

Postural adjustments and the use of crutches allowed the patients to reduce to nearly
zero the frontal (Fig. 5) and sagittal moments around the affected hip, where only a
very reduced extensor moments may be appreciated. Moments around the contralat-
eral side are in the normal range. Calculated powers at the hip, knee and ankle joints
in the affected limb are also near zero or zero. In this way stresses around the implant
seems to be minimized and the requirements for abductor muscles activation are
very low. According to this finding the electromyographic pattern of the recorded
muscles of the thigh was normal as to concern timing and duration of activity, but
recorded intensities were generally lower than in the contralateral side.
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Fig. 4. Patient M 1. Ground reaction forces in the affected side (a) is reduced to approximately 1/3
compared to normal side (b).
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Fig. 5. Patient M1. Frontal moments around the affected hip (a) are reduced to nearly zero, while
they remain in the normal range in the contralateral hip (b).

Joint Range of Motion

Joint range of motion was reduced at the hip, knee and ankle level from approxi-
mately 10 % to 50 %, compared with normal subjects and with the contralateral side.
As to regard the timing, compared to normal subjects, the knee may anticipate flexion
to start the swing phase. Hip extension is normal or slightly reduced and pelvis rota-
tions are increased.

Discussion

This is the first report on gait analysis performed in patients that underwent hip
spacer implant following the removal of a septic hip prosthesis.

Our data show that a well centered preformed hip spacer (no patients with spacer
dislocation were included in the study), allows walking with two crutches with partial
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weight bearing on the operated limb. The non-operated limb usually shows kinematic
and kinetic parameters in the normal range or only slightly reduced or altered. In the
affected side the kinematic of the gait is substantially in the normal range, when com-
pared to normal subjects walking at a low speed, but it clearly appears that different
strategies are put in place by the patients to reduce the time of weight bearing on the
operated limb, as it is observed in other conditions that affect the hip [9]. At the same
time postural adjustments and weight balance between crutches and the sound limb
reduce the ground reaction forces on the operated limb to 30-50 % of body weight,
while moments and power around the hip spacers are decreased to nearly zero. In this
way the patients are able to dramatically reduce the weight and muscular forces that
act on the spacer implant, while the joint range of motion at the hip, knee and ankle
is maintained, although reduced. This findings point out the ability of the body to
provide useful postural modification, even in the absence of the proprioceptive input
from a normal hip and even in the absence of a traditional total hip replacement. It is
worth to note that the strategies put in place to reduce forces and moments around
the operated hip (and ipsilateral knee and ankle) lead to a protection of the implant
but they also may reduce muscular activation, leading, in the long run, to a progres-
sive muscular atrophy. For this reason, even if a normal pattern of muscular activity
was electromyographically recorded in our patients, the revision of the spacer should
be performed as early as possible to prevent any unnecessary muscle wasting.
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Septic Knee Prosthesis Revision:
A Challenging Surgery

E. VALENTI

Orthopaedic and Traumatologic Unit, Buccheri La Ferla Fatebenefratelli Hospital,
Palermo, Italy

Infections are a devastating complication in orthopaedic surgery and prosthetic sur-
gery in particular. They can occur in the immediate post-operation period or after a
prolonged period of time and have a higher incidence in patients with concomitant
comorbidities such as diabetes and rheumatoid arthritis. Obesity also is an important
risk factor [12], having an infection rate reported to be 6 times higher than normal
patients, when the body mass index is > 35.

Progress has been made as far as prevention is concerned (antibiotic prophylaxis,
asepsis of operating rooms, improvement of surgical techniques); however, the num-
ber of infections involving knee prostheses is increasing secondary to the increased
number of primary implants being performed.

Treating a case of knee prosthesis infection is a difficult process, both for the
patient and the surgeon. In the majority of cases the infection can be cleared (even if
with functional results that are generally lower than the first implant) but there can be
very serious outcomes, resulting in knee arthrodesis or amputation.

The economic aspect for both the hospital and society should also not be
neglected. Often the costs, which can double those of an aseptical revision, are greater
than the reimbursed.

In most acute cases, making the diagnosis is not difficult. Often in chronic cases,
a differential diagnosis must take place, which is can be difficult and the clinical pre-
sentation can be confused with an aseptical loosening or with functional limitation
due to other causes.

Lab data and imaging diagnostics are helpful but are not always definitive for the
diagnosis. Even an examination of the synovial fluid, to find the eventual bacteria,
can give false negative or false positive results. Calculating the number of white blood
cells in the synovial fluid with the relative percentage of neutrophils is considered a
good indication. A result of 70,000 leucocytes/mmc with a neutrophil percentage of
over 80 % is considered diagnostic for infection [14]. Considerable progress has been
made in molecular diagnostics, which enables the bacteria’s identification quickly.
False positives have been reported by this method but the rapid result and ability to
start appropriate treatment quickly may be helpful. This method also is beneficial in
identifying bacteria involved in chronic infections and currently reviewing antibiotic
treatment [17]. According to recent studies [2], the genomic study of neutrophils in
the synovial fluid can distinguish between a septical and aseptical inflammation.

Doubts on the eventual presence of an infection can remain even between oper-
ations. In this case, it is advisable to carry out an immediate histological test with
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a quantitative evaluation of polymorphonucleates for each field, which gives a
result accuracy of 90 % [11, 19]. Involving an infectious disease consultant is advis-
able.

The treatment of acute infections generally consists of surgical irrigation and
debridement, pulse lavage but keeping the pressure low to decrease damage to soft
tissue and keep from driving the bacteria into the deeper tissue [7] and prolonged
antibiotic therapy, with good results in most cases.

In chronic infections this treatment is certainly less efficient. The surgical irriga-
tion and debridement and prolonged antibiotic therapy is not able, in most cases, to
eradicate the infection [16]. Studies on biofilm, on the various bacteria and on their
capability to increase their resistance after an antibiotic treatment have been the sub-
ject of recent studies [1, 3, 4, 13] and may, in the near future, change our current ther-
apeutic approach. The complete mechanical removal of the biofilm is today an essen-
tial requirement for successful treatment and for the antibiotic’s efficacy in the pre-
operation period. Since this is almost impossible, while retaining the prosthesis, it is
necessary to remove it. This procedure can be carried out in one stage or in two
stages.

The one-stage treatment is easier on the patient and less expensive. For a good
result, with a one-stage procedure, it is necessary to know the bacteria accurately and
this, is not always possible before the operation. But its result on the germ’s identifica-
tion cannot be immediate. It should also be noted that in over 10 % of cases, according
to some authors, the infection can be caused by multiple germs. Furthermore, inter-
national literature normally reports better results for two-stage rather than one-stage
procedures, except in very few highly specialized centres where the one-stage proce-
dure showed excellent results [5, 6, 15, 18].

In the two-stage procedure the antibiotic continues to be given for at least six
weeks, on the basis of the bacteria that was identified and the antibiotic essay. How-
ever, some centres refer similar results with a normal, brief perioperational antibiotic
prophylaxis [8].

In the two-stage procedure, in order to improve the patient’s comfort during the
period in between the two operations, an articulated antibiotic-loaded spacer has
been introduced. This allows a reasonable ambulation, with the aid of a crutch or
walker, while keeping the knee’s movement. This simplifies the second operation and
potentially improves the final functional result. There are various systems that enable
mobility with the antibiotic-loaded spacer, both with preformed spacers and with
various methods of extemporaneous preparation. Among the various possibilities,
the Hofmann method is worth special mention due to its simplicity, affordability and
efficacy [9, 10].

Another advantage of the two-stage technique is to proceed with the definitive
revision when clinical and lab data indicate the absence of infection, or to proceed
with a second irrigation and debridement and placement of a second antibiotic
spacer. A late infection treated with the one-stage technique needs to have the implant
removed and may lead to excessive bone loss.

The loss of bone-stock is a major problem in the treatment of knee prosthesis
infections. This is generally more severe than with aseptical revisions. Bone loss can
be filled in with metallic spacers, bone grafting or cement. In the most serious cases
using a tumoral type of prosthesis may be necessary or arthrodesis.
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Fig. 1-2. Articulated
spacer according to
Hofmann before and
after positioning

Fig. 3a, b. X-ray
control of a spacer
according to Hofmann
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Obtaining ligament stability can be difficult in revisions for infection. In cases where
a satisfactory balance is not achieved, constrained prosthesis may be needed. In some
cases, it may be difficult to re-establish an acceptable range of motion.

The treatment of knee prosthesis infections can be challenging for both the sur-
geon and patient. Successful treatment requires experience and a multi-disciplined
approach.
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Introduction

The management of periprosthetic infection remains a challenge to any arthroplasty
surgeon. Several treatment options are available depending on the clinical situation,
the local set-up, the surgeon’s preference and expertise. In the most frequent sce-
nario, where revision surgery with prosthesis exchange is necessary, controversy still
exists between single and two-stage approach to the problem. With the introduction
of articulating spacers, the functional outcome of two-stage exchange has signifi-
cantly improved [8, 19, 26, 36]. However, one-stage exchange offers certain advan-
tages including the need for only one operation (if no recurrence), shorter hospitali-
sation, lower overall cost and high patient satisfaction [3, 10, 11]. In this review the
authors will describe their management strategy and experience with direct
exchange. Particular emphasis is given to the requirements that provide the basis for
success. Furthermore, 8 year outcome data of 100 consecutive patients following one-
stage revision TKA for infection with no lost to follow-up are provided and discussed.

Pathophysiology and Etiology

Periprosthetic infection is a foreign body associated infection. It must be clearly dif-
ferentiated from other bone infections, like osteomyelitis. Not only bacteria are rec-
ognized by the host defense as “enemies”, but also foreign bodies. Both, micro-organ-
isms and foreign materials induce inflammation as a reaction to tissue injury and are
handled in the same manner by the human body. More than 90 % of infections during
the first year after implantation are due to bacterial contamination during surgery
[30]. Hematogenous infections and infections which reach the site of infection from
other sources are less frequent. In the presence of foreign bodies, a contamination as
low as 100 colony-forming units (CFU) is sufficient to induce an infection in contrast
to 10,000 cfu without foreign material [6, 31]. This effect is due to the diminished
clearing capacity of phagocytosis by leukocytes in the presence of foreign material
[44]. Macrophages as the first line of defence try to degrade these materials by enzy-
matic digestion. But if the foreign body is too large for our little macrophage, fibro-
blasts are stimulated to form granulation tissue around the foreign body. Just like
fibroblasts, a number of bacteria, in particular staphylococci are able to colonize the
surface of the foreign body. The competition between the fibroblasts, activated by the
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macrophages, and the bacteria to colonize the foreign body has been given a very
descriptive term by Gristina: “The race for the surface”. The bacteria are anchored to
the surface by forming a biofilm. This biofilm protects from the host’s defence mecha-
nisms and these sessile bacteria are also highly resistant to antimicrobial agents [5,
18, 44]. But colonization and formation of slime alone do not cause an infection or an
infectious disease. Periprosthetic infection begins when some of the sessile bacteria
switch back to planktonic forms and induce infection in the adjacent tissue - peri-
prosthetic osteomyelitis [11]. The period between colonization and clinically detect-
able infection may last for months, even up to about three years. Signs of infection
may occur very late when the bacteria leave the interface, invade surrounding tissue
and induce a secondary osteomyelitis. It is important to realise that periprosthetic
infection is not only an infection of the prosthetic interface, but also an infection of
bone and surrounding soft tissues. This understanding is of utmost importance for
the surgical management.

Diagnosis

The diagnosis of periprosthetic infection can be simple, but occasionally most diffi-
cult to establish. In the case of immediate postoperative infection the first symptoms
can be seen around day 4 to 8 after TKA. If purulent secretion is present the diagnosis
is obvious. However, prolonged wound discharge (> 7-10 days), continued soft tis-
sue swelling and induration, or wound dehiscence should be taken seriously, consid-
ered as infection until proven otherwise and managed with a pro-active and aggres-
sive attitude. If an early infection (within 3 weeks) occurs after patient discharge from
hospital, often superficial wound healing problems, hematomas and seromas are evi-
dent. However, this is not always obvious and the clinical signs can be more subtle.
Monitoring of C-reactive protein (CRP) is probably the most useful parameter in this
scenario. CRP values are highest with a peak on day 2 - 3 postop, and should return to
normal, preoperative values within 3 weeks. In some patients CRP normalisation can
take up to 6 weeks and there is no reason for concern or panic, as long as CRP values
show a continuing decline. Failure to do so should result in prompt action. In our
experience patients with good (non-indurated) soft tissues, dry wounds and CRP lev-
els below 60 to 90 mg/dl on day 5-6 can be considered “safe”, but all others (or if in
doubt) warrant early follow-up in order not to miss the window of opportunity for
early aggressive debridement and suction/irrigation [38].

Whereas clinical symptoms are the main parameters for diagnosing periprosthetic
infection in its early stages, laboratory and radiological investigations become more
important in late infection. Erythrocyte sedimentation rate has a longer lag time than
CRP and is probably only a useful additional tool in the management of patients with
rheumatoid arthritis with chronically raised CRP (and ESR) levels. ESR and CRP have
a specificity and sensitivity of about 90 %. In contrast, leukocytosis is unspecific and
rarely present. Other more sophisticated parameters like Interleukin 6, Procalcitonin
or the Interleukin 2 receptor are expensive and generally give us no additional clini-
cally relevant information.

The most important clinical parameter in late infection is the presence (or recur-
rence !) of pain. Although rarely described in the literature local skin and deep soft
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tissue induration are poor prognostic indicators in our experience. A “woody” leg
should raise the level of suspicion ! Serial radiographic comparison can be of value
and bone scans are non-specific although highly sensitive. Bone scans can stay hot for
several years following arthroplasty, can represent bone remodeling and may be mis-
leading. Recently, antigranulocyte scintigraphy was reported with a sensitivity of 1.0,
a specificity of 0.83, a positive prediction value of 0.83 and a negative prediction value
of 1.0. In contrast, preoperative joint aspiration and culture, was less sensitive, but
showed a specificity and positive prediction value of 1.0 [28].

In our own practice joint aspiration with prolonged culture time of at least 10— 14
days is considered mandatory and gold standard. This must be done under strictly
sterile conditions without the use of local anaesthetic and saline, which both can
exhibit bactericidal effects. The accuracy of aspiration in the Endoclinic in Hamburg
has been higher than 95 % [40] in more than 7500 periprosthetic infections treated.
However, some special aspects in the investigation of the aspirated fluid have to be
considered. The number of bacteria is very small so culture must last for a minimum
of 10-14 days and not only 3 days as is usual for blood cultures. Fast transport of the
aspirated fluid in a sterile container - swabs are inadequate - to the laboratory, rapid
processing and an experienced microbiologist with an interest in this demanding
problem are important pre-requisites and of utmost importance for success. In some
cases repeated aspiration can increase the capture rate, particularly if the patients
have been treated with antibiotics previously. A minimum period of 14 days off any
antibiotics is required before aspiration in this instance.

Management Strategy — One Stage Exchange

Only in the presence of a positive culture and with the respective antibiogram at hand
should a one-stage procedure be considered and offered to the patient. A cemented
fixation using antibiotic loaded acrylic cement (ALAC) is considered treatment of
choice to achieve high local therapeutic levels of antibiotic elution from ALAC [12].
The secret of success not only depends on complete removal of all foreign material
(including intramedullary cement and restrictors) and the use of ALAC, but in partic-
ular on the aggressive and complete debridement of the soft tissues and bone. A full
synovectomy also in the posterior aspects of the knee is considered of importance
and performed routinely. To gain access this invariably means sacrificing the poste-
rior cruciate ligament, if still existing, and not infrequently the collateral ligaments,
which will result in the need for hinged implants (see below).

The ALAC should be regarded as a means to prevent re-colonization of the new
implants and not seen as the “killer” and cure for infection. It is the surgeon’s knife
above all, which will determine success. Surgery in periprosthetic infection should be
carried out as a tumor procedure and no comprise should be made during debride-
ment: if in doubt cut it out !
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General Pre-Operative Planning

Anaesthesia:

Clinical and anaesthesiological assessment of operative risk

Adequate quantity of additional donor blood

In case of long exchange operations preoperative administration of fibrinolysis
inhibitors (e.g. Trasilol®) is recommended. Cave: risk of anaphylactic shock!

Radiological Preparation

Conventional x-rays in two or three planes (patella skyline) in a standardized
position are usually adequate. Imaging of hips and entire femur if ipsilateral hip
replacement. Long leg alignment films are recommended.

In some cases calibrated x-rays may have to be taken with a radiopaque scale,
especially when special, extra small, custom-made implants or megaprostheses
(e.g. total femoral replacement) are required.

Patient Information - Specific Risks

Risk of recurrent or new infection - about 10-15 %

Re-operation for haematoma, wound debridement or persistent infection
Damage to peroneal nerve or main vessels

Postoperative stiffness and loss of function (extensor mechanism)

Risk of intra- and postoperative fracture

Increased risk of aseptic loosening

Surgeon’s Planning and Preparation

Choice of Implants and Cement:

The surgeon should have knowledge of the implant in situ and be familiar with
its removal and disassembly (e.g. hinge mechanism). Occasionally it is useful to
order and use the implant-specific instrumentation, if available for the particu-
lar implant

A variety of implants must be at hand, ranging from primary total condylar to
stemmed hinges, depending on the requirements for reconstruction.

Ligament deficient knees will require constraint implants, but ligament defi-
ciency may also result during intraoperative debridement - hence the need for
rotating of fixed hinge implants. Due to the aggressive soft tissue debridement
strategy of both authors this is the case in almost all cases of one stage
exchange.

Loss of bone stock, the possibility of intraoperative complications such as shaft
fractures, perforations of the cortex, windows and tibial/femoral disintegration
must be taken into consideration when choosing the implant. Always have a
second line of defence available!

Distal femoral or proximal tibial replacement implants may have to be chosen in
patients with significant bone deficiency. Bone loss is always significantly more
extensive than radiographically evident. Custom made implants with extra long
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Table 1. Combinations
of antibiotics recom-
mended for addition
to PMMA cement.

Bacteria Antibiotics Dosage per 40 g
PMMA cement

Gram positive

Staphylococci Lincomycin 30g (Selected according to
Streptococci Gentamicin 1.0g the susceptibility of
Propionibacteria the pathogen)
Staphylococci Cefuroxim 30¢g
Streptococci Gentamicin 10g
Propionibacteria
Staphylococci Vancomycin 20¢g
(highly resistant) Ofloxacin 1.0g
Enterococci Vancomycin 20g
Ampicillin 15¢g
Gram negative
Enterobacteriaceae Cefotaxim 30g
Gentamicin 10g
Pseudomonas aeruginosa  Cefoperazon 20g
Amikacin 20g

Acid-fast rods
Mycobacteria Streptomycin 20g

or narrow stems may have to be ordered prior to surgery. The potential need for
total femoral replacement implants should also be considered.

® In patients where significant damage to the extensor mechanism is pre-existing
or can be anticipated an arthrodesis nail should be available as a last resort
(patient consent!)

® ALAC with additional antibiotics (AB) in powderform to be added intraoperati-
vely should be available (Table 1). Invariably at least 2 -3 mixes of cement
(80-120 g) per femur and also per tibia are required. Large mixing systems and
appropriate cement guns are required. In patients with a narrow diaphysis extra
narrow nozzles allow for appropriate retrograde cementing technique.

® The surgeon should know which type of ALAC was been used at the index opera-
tion, as resistance of the organism to the previously used AB must be expected
[34, 42] and a different ALAC should be chosen. In individual cases an industrially
pre-manufactured ALAC cement may be appropriate. The antibiogram and ideally
a recommendation from the microbiologist should be available (Table 1) including
the AB for cement impregnation and for postoperative i.v. administration.

Operative steps
Skin Incision and Debridement:

® Old scars in the line of the skin incision should be excised (Fig. 1).

e Ifa prior incision does not lie in this line, keep sufficient distance between it and
the new incision. Use the incision from the last approach if technically feasible.
Avoid raising a subcutaneous flap.

® Crossing the old scar at an acute angle or deviating from it should be avoided.
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Fig. 1. Skin incision
and fistulectomy

Fig. 2. Complete synov-
ectomy and debride-
ment

® Fistulae should be integrated into the skin incision if possible and radically
excised all the way to the joint (Fig. 1). If the fistulae lie too far laterally or poste-
riorly they are handled by means of a separate excision, following down the fis-
tula tract. Methylene blue staining can be helpful in this case.

o If the need for muscular-cutaneous flaps can be anticipated, a plastic surgeon
should be available. However, if the surgeon is familiar with a medial gastrocne-
mius transfer, most situations can be handled.

® As the operative time commonly exceeds 2 hours an above knee tourniquet is
applied but not inflated. The procedure is started without tourniquet so that all
bleeders can be coagulated on the way in. Furthermore, without tourniquet the
boundary between infected tissue, scar and healthy bleeding soft tissue (and bone)
can be distinguished better during debridement. All non bleeding tissue and bone
should be excised. Particular emphasis should be given to perform a complete syn-
ovectomy and debridement in the posterior compartment (Figs 2 and 3).
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Fig. 3. Removed sino-
via and debrided
tissue

Fig. 4. Prosthesis
removal may require a
dedicated instrumen-
tarium

Biopsy material, preferably 5-6 samples, should be taken as a routine measure
from all relevant areas of the operation site for microbiological and histological
evaluation [1, 39]. Then the chosen i.v. AB are administered. This commonly
comprises a broad spectrum cephalosporin and additionally one or two others
according to the antibiogram.

Implant Removal and Completion of Debridement

Removing cemented implants stems is generally much easier and less invasive
than removing cementless components, in particular when these are stemmed
and ingrown.

In cases of well fixed uncemented components with stem, often cortical windows
are required to gain access to the interface. High speed burrs and curved saw
blades aid removal (Fig. 4). Unfortunately even in experienced hands occasion-
ally significant destruction and loss of bone stock will occur.

Using narrow straight osteotomes with asymmetrically honed blade remove all
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Fig. 5. Implant and
cement removal with
osteotomes

accessible bone cement (if cemented implant), that can be removed without caus-
ing further loss of bone stock

A Gigli say can be useful to cut around the femoral shield and the tibial base
plate of the implant. A full range of narrow and wide osteotomes of various
thicknesses (Lambotte osteomes) should be available. By using multiple osteoto-
mes, which are carefully driven between tibial base plate and cement from
medial and lateral the tibial component, even if stemmed, can be gradually
wedged/forced out from its cement mantle (Fig. 5). This is less destructive than
aggressive extraction with hammer blows.

Extract the implant using special or universal extraction instruments, if avail-
able. Otherwise punches are required.

Cement removal is completed using special cement chisels, long rongeurs, curret-
ting instruments, long drills and cement taps, as well as ball headed reamers. The
particular technique of cement removal has been described elsewhere [13, 14].
Final debridement of bone and posterior soft tissues must be as radical as
possible. It should include areas of osteolysis and non-viable bone (Fig. 6).
Copious pulsatile lavage should be used throughout the procedure.

After another thorough lavage the intramedullary canals are packed with Chlor-
hexidine soaked swabs (Lavasept®) and large Chlorhexidine soaked packs are
placed, before the wound is covered with a clean incisional film or closed tempo-
rarily.

The entire surgical team should now re-scrub and new instruments are used for
re-implantation after re-draping.

A second dose of i.v. AB is given after 1.5 hrs operating time or if blood loss at
this point exceeds 1 1.

Reimplantation

® After completion of debridement and implant removal, it can be helpful to then

inflate the tourniquet to aid final intramedullary cement removal and in particu-
lar for re-cementation and closure. In short legs or if proximal soft tissue expo-
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Fig. 6. Radical soft
tissues and bone
debridement

Fig. 7. Bone defect
reconstruction and
prosthesis fixation
with antibiotic-loaded
acrylic cement

sure is extensive no tourniquet can be used, unless a sterile one can be made avail-
able.

® Reconstruction of bone stock may require the use of allograft, although ideally
this should be avoided. We prefer to fill large defects with ALAC if biomechani-
cally acceptable (Fig. 7).

e If morcellized allograft is used, it should be thoroughly lavaged (pulsatile lavage
with hot saline !) and impregnated with antibiotics [22] prior to impaction
grafting

® Antibiotic loaded cement is prepared. It is mandatory to only use suitable antibi-
otics which need to fulfill the following criteria:

- Appropriate AB, antibiogram, good elution characteristics from cement [43].
- Bactericidal (exception Clindamyin)
- Powder form (never use liquid AB !)
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Fig. 8. Post-operative X-rays. One-stage
revision with antibiotic-loaded hinged
prosthesis

- Pharmaceutical admixing of AB powder to PMMA powder using a fine sieve
before mixing
- Maximum addition of 10 %/PMMA powder (e.g. 4 g AB/ 40g PMMA powder
- in MRSA: Vancomycin plus Ofloxacin [29].
Cave: Some antibiotics (e.g. vancomycin) will change the polymerization behav-
ior of the cement causing acceleration of cement curing !
® The principle of modern cementing techniques should be applied. As mentioned
above a better cement bone interface can be achieved if the tourniquet is inflated
prior to cementing (Fig 8).
® Postoperatively, i.v. AB are administered according to the treatment recommen-
dations given by the microbiologist. Commonly not more than 14 days are
required. The value of prolonged AB given orally thereafter is not proven.
® Serial CRP levels are the most important tool for postoperative monitoring.
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Discussion

One stage exchange for infected TKA is less popular than two stage procedures [22].
Higher success rates for two stage have been postulated and with articulating spacers
the functional outcome and patient satisfaction [17, 32] have improved significantly
[8,19, 26, 36]. Furthermore, the operative approach is less demanding due to minimal
contractures [7, 9, 17, 25] and the rate of extensor mechanism complications has been
reduced [19, 27]. Far more studies have been published about two stage revision and
fewer series, usually with small patient numbers treated with one stage exchange are
available.

In the non-English literature, the early Endoclinic experience from 1976 to 1985,
including 118 one stage revision TKAs for infection - followed for 5-15 years —
showed a 73 % chance of cure of infection [10]. An English literature review in 2002
of direct exchange [38] revealed that there were only 8 studies on this topic reporting
a total of 37 knees - 32 treated with ALAC -, of which 18 were part of one series [15].
All other quoted studies reported patient numbers below 6 and therefore should be
considered case reports [38]. The overall success rate, i.e. control of infection was cal-
culated as 89.2 %, but no information was provided regarding the respective length of
follow-up. The largest cohort of 69 patients was excluded from the metaanalysis as no
distinction from two stage outcomes was possible [38].

A more recent study [4] of 22 consecutive patients treated with direct exchange,
radical debridement, ALAC, i.v. AB for 4-6 weeks followed by 6 - 12 months oral AB
showed a 90.9 % rate free of infection after 1.4 to 19.6 years (mean 10.2 years). The
authors concluded that their results compare favorably with delayed exchange revi-
sion TKA.

Apart from use of ALAC [21, 38] aggressive debridement of all infected tissue [3,
15, 38] the absence of sinus formation [38] and Gram-positive organisms [38] are
considered factors associated with success. Our results and experience would support
that Gram-positive organisms are more benign, but fistulae have not been associated
with poorer outcome. On the contrary, if sinus formation is present (i.e. draining
infection) the extent of soft tissue infection is usually less pronounced. Multiple pre-
vious surgeries have been reported to adversely affect the chance of success [23]. This,
however, was not the case in our series.

The duration of postoperative intravenous antibiotics ranged from 2-4 weeks
(mean 2.4) in the metaanalysis of direct exchange [38]. A prolonged administration
of intravenous AB for 6 weeks is particular common in the interval between first and
second stage [16]. However, the rationale for this has been questioned most recently
[24] and the authors concluded from their experience in 38 patients, that a prolonged
course of AB does not seem to alter the incidence of recurrent or persistent infection
after two stage revision. Interestingly, if patients are re-aspirated prior to re-implan-
tation positive cultures can be found in almost 10 %, thus providing the rationale and
justification for pre-revision cultures [33]. In the Endoclinic protocol of direct
exchange a duration of 10 days is rarely exceeded now.

In our series of 100 consecutive patients with infected TKA, which were treated
with one stage exchange, all required hinge prostheses. This fact both reflects the
degree of aggressive debridement and the patient material. Furthermore, at the time
the use of fixed hinges was policy, but since then the majority of patients are treated
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with rotating hinges (ratio 70:30). In a recent report using the same implant for sal-
vage revision TKA, 23 cases were done for infection, which showed encouraging out-
come at midterm, however inferior compared to aseptic patients [37]. A similar expe-
rience with this implant used for salvage of limb threatening cases has also been
reported [41]. The functional outcome with this design has been encouraging,
although in general stiffer knees have to be expected in septic two stage exchange
compared to aseptic revision TKA [2]. In our series there was a 3 % amputation rate,
this has dropped , however since to 0.5 % in the last 7 years.

The overall rate of patients free of infection at 8.5 years was 90 % in this consecu-
tive Endoclinic series and can be regarded as more than acceptable. If one includes
the 3 patients who required a “second-stage” (further direct exchange) then the suc-
cess rate is 93 %. Long-term observation is important, as the implant survival rates
can deteriorate significantly over time, for both mechanical failure, but also recurrent
infection requiring re-operation. In a series of 96 knees, followed for a mean of 7.2
years after two stage revision TKA, the survivorship free of implant removal for re-
infection was 93.5 % at 5 years, but dropped to 85 % at 10 years [20].

In conclusion, the Endoclinic results presented here further support the philoso-
phy of direct exchange for infected TKA. Patient satisfaction is high as hospitalisation
is rarely over 2 weeks and only one operative procedure is required in 90 % of cases.
Decreased morbidity for the patient by eliminating the need for a second major pro-
cedure with high risk of repeated blood transfusion [35] and associated prolonged
inpatient stay are further arguments in favor of a one stage strategy [3]. It remains the
more cost-effective approach [4] and can offer similar if not better cure and survival
rates even in the longer term.
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Introduction

The most feared complication for any total knee replacement (TKR) surgeon and for
their patient is deep infection. The treatment often results in prolonged hospitalisa-
tion, a period of marked limitation of mobility for the patient and the prospect of a
major reconstructive procedure with a compromised outcome. The infection rate
after primary TKR is usually reported to range from 0.5 to 2 percent [1, 34]. Thisis a
serious problem despite modern technology and rigorous prophylaxis. Peersman et
al. [28] reported recently a 0.43 % rate of deep infection in a consecutive series of 6439
total knee replacements performed with vertical laminar airflow and body-exhaust
suits. This is encouraging, however, considering the increasing number of patients
with TKR, infection is still a complication of major concern [2, 3, 29, 30, 38, 41].

A variety of techniques and devices have been developed to improve the manage-
ment of the infected TKR. Antibiotic-loaded bone cement spacers in two-stage reim-
plantation technique allow early joint and patient mobilisation, a shorter hospital
stay and potentially a reduced rate of re-infection. In this article we have reviewed the
use of joint spacers and outlined their potential benefits and drawbacks.

The Infected Total Knee Replacement

The choice of management for patients with infected TKR depends on many factors;
nevertheless the clinical presentation of infection can be used as a guide to the treat-
ment. Segawa et al [36] proposed a classification based on the clinical presentation of
prosthesis-related infections, focusing on the severity of symptoms and the temporal
relationship between the index operation and the infection.

The classification recognizes 4 types of infections: 1) early postoperative infection;
2) late chronic infections; 3) acute haematogenous infections and; 4) sub-clinical
infections with positive cultures. The early postoperative infection (type 1) is defined
as a wound infection (superficial or deep) developing less than four weeks after the
index operation. The treatment for superficial infection is extra-articular soft-tissue
debridement and a course of antibiotics [26]. Deep infection extend into the joint and
require aggressive treatment including debridement, exchange of the polyethylene
insert of the tibial component and intravenous administration of antibiotics. Intra-
articular placement of antibiotic-loaded cement beads has been also advocated [27].
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Retention of prosthesis is possible in early postoperative deep infection if the implant
appears well fixed. Late chronic infections (type 2) develop four weeks or more after
the index operation and has an insidious clinical presentation. These infections are
most commonly treated with debridement, implant removal and placement of antibi-
otic-impregnated cement spacer or antibiotic-impregnated cement beads. This is fol-
lowed by a course of systemic antibiotics for six weeks and a delayed-exchange
arthroplasty (two-stage reimplantation technique). The acute haematogenous infec-
tion (type 3) is associated with a documented or suspected antecedent bacteraemia
and is characterised by an acute onset of severe pain and swelling. These infections
are treated with debridement, exchange of the polyethylene insert of the tibia compo-
nent, retention of prosthesis if it is well fixed and intravenous antibiotics for six
weeks. The non-specific symptoms and signs of subclinical infection (type 4) gener-
ally lead to the patient proceeding to revision surgery for presumed aseptic loosening
of the implant. The patient is then treated with intravenous antibiotics for six weeks
often without requiring repeated revision surgery, essentially because of the wide
antibiotic susceptibility of the infecting organisms.

Two-stage Revision

It is been widely accepted that the most reliable outcome for the treatment of late
chronic infection is obtained by a two-stage technique, involving implant removal fol-
lowed by a 6-week course of systemic antibiotics and delayed exchange arthroplasty. The
success rate has been reported at around 90 % [14, 22, 35, 39, 41]. The two-stage reim-
plantation has become a procedure of choice to eradicate the infection and maintain a
functional extremity. The major disadvantage of this method is the period between
stages which is often associated with pain, difficult mobility and knee instability [13,
17]. Furthermore, reimplantation is often difficult because of scar formation, shorten-
ing of the extensor mechanism, and retraction of the joint capsule and ligaments. To
overcome these difficulties, temporary joint spacers has been introduced [15, 25].

Spacers

The spacers have been reported successful in preserving the length of the limb and
minimising soft-tissue contracture, therefore facilitating re-implantation [7, 16, 41].
Furthermore, the insertion of an antibiotic-loaded cement spacer, in addition to the
elution of high levels of antibiotic into the joint, allow ambulation, rehabilitation and
earlier discharge from the hospital between stages [12]. Essentially, there are two
types of temporary spacers: 1) block spacers (also known as non-articulating or
static); 2) articulating spacers (also known as mobile spacers).

Block Spacers

The use of block spacers was first reported in 1988 by Cohen et al [7] and Wilde and
Ruth [39]. Antibiotic-impregnated polymethylmethacrylate cement blocks are hand-
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made in the operating room and are fashioned to fit the bone stock defect left after
removal of the infected prosthesis. A small cement stem can be added to the spacer
block to achieve adequate fixation. The impregnated cement allows higher local con-
centrations of antibiotics and the block itself maintains the articulating space and
prevents retraction of the collateral ligaments. These factors facilitate easier re-
implantation. Static knee spacers are better option for knees with severe bone loss as
the mobile spacers cannot maintain stability in these settings [4, 5, 10, 11, 18]. Block
spacers presents several disadvantages: patients are not allowed to move the knee and
require cast immobilisation between stages. The spacer can dislodge and cause bone
erosion. Moreover, second-stage surgery is still difficult due to scar formation, tissue
adherence and quadriceps shortening.

Articulating Knee Spacers

To overcome disadvantages of the block spacers and to ease reimplantation surgery
several authors have independently introduced articulated spacers in two-stage
revision for infected knee replacements [20, 21]. Emerson et al.[10] compared static
block spacers (26 knees) with articulating spacers (22 knees) and found an
improved postoperative range of motion in the articulating spacer group (108°
compared with 94°) with no significant difference in the reinfection rate at 36
months (9 % compared with 7.6 %).

Essentially, there are three types of articulating spacers: 1) Temporary prosthesis
from re-sterilised components or new components (also called spacer prosthesis);
2) Cement spacers moulded during operation; 3) Preformed cement spacers.

Temporary Prosthesis

Scott et al [35] reported cementing the original prosthesis between stages after reste-
rilisation in autoclave. The cement was loaded with antibiotics. After 6 weeks, the
final stage was performed fixing the definitive prosthesis using antibiotic-loaded
bone cement according to the sensitivity profile of the infecting organism.

In 1995 Hoffmann et al [20] used the removed and sterilised femoral and tibial
components, a new polyethylene tibial insert, and a new all-polyethylene patellar
component for the 2-stage revision of TKR. Partial weight-bearing and range of
motion exercises were allowed after surgery. There was no recurrence of infection in
a series of 25 patients at an average follow-up of 30 months. The drawback of the tem-
porary prosthesis is the presence of metallic and plastic components which can, in
theory, favour bacterial adhesion [14]. Also, current infection disease control policies
prohibit in many countries the use of removed and resterilised prosthetic implants.
Moreover, the use of a new prosthesis as a spacer is an additional factor increasing the
high costs of management of patients with infected TKR [19].
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Cement Spacers Moulded During Operation

McPherson et al [25] presented the technique of using a handmade mould of a TKR
made of antibiotic-loaded cement as a temporary spacer in two-stage revision.
Although this allowed some function of the knee, stability was difficult to maintain.

Duncan et al [8, 9] also introduced an intra-operatively moulded cement spacer.
This spacer had smooth articular surfaces obtained with the utilization of plastic
moulds. The spacer is a facsimile of a TKA prosthesis made entirely of antibiotic-
loaded bone cement (Prostalac - Prosthesis of Antibiotic-Loaded Acrylic Cement —
Smith & Nephew, USA). Haddad et al [16] reported the use of Prostalac spacer in two-
stage revision for infected TKR in 45 consecutive patients. The mean follow-up was
for 48 months. At the final review, there was no evidence of infection in 41 patients
(91%); only one had a recurrent infection with the same organism. There was
improvement in the Hospital for Special Surgery knee score at final review. The range
of movement was maintained between stages. According to the authors, complica-
tions were primarily related to the extensor mechanism, wear and stability of the
knee between stages. These problems have been addressed with refinement of the
design of the implant. The new generation of Prostalac has femoral and tibial compo-
nents made of antibiotic-loaded bone cement with a small metal-on-polyethylene
articular surface, with a posterior stabilised design. Emerson et al [10] suggested the
use of 3.6g of tobramycin and 2g of vancomycin per 40g of cement. Haddad et al [15]
confirmed that the normal limit of antibiotic comprising 5% of the whole cement
mass does not necessarily apply in temporary spacers. This doesn’t seem to affect the
mechanical properties of such constructs. Generally, patients with these spacers in
situ are allowed to walk with partial weight-bearing and free knee motion is encour-
aged with or without a brace. One of the advantages of the Prostalac system is the abil-
ity to add relatively large amount of antibiotic powder to the bone cement [23]. Again,
the presence of metal and plastic, although in small amounts, could in theory favour
bacterial adhesion between the stages of the revision. Also, an objection can be made
that this “custom made” cement spacer cannot warrant reproducible mechanical
properties. Molds for articulating knee spacers are not always readily available.

MacAvoy and Ries [24] treated 13 infected total knee arthroplasties with large
bone defects or collateral ligament loss using the rubber bulb portion of an irrigation
syringe and a bipolar trial to create a ball and socket articulating spacer. This tech-
nique was successful in controlling infection in 9 of 13 knees. All patients were able to
ambulate independently with the spacer in place using a walker or crutches, including
one patient with bilateral spacers. At an average follow-up of 28 months after reim-
plantation, average knee flexion was 98 degrees.

Preformed Cement Spacers

Castelli et al [6] recently introduced a preformed articulating spacer. The spacers are
manufactured in the factory with ultra-congruent condylar knee prosthesis design
made exclusively of acrylic cement impregnated with gentamicin antibiotic (Spacer-
K - Tecres Spa, Italy) no additional reinforcement device is used (Fig. 1). Both compo-
nents, femoral and tibial, are produced in three sizes. Experimental studies on
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Fig. 1. The Spacer-K preformed articulating
spacer

mechanical and pharmacological behaviour of this spacer have demonstrated good
mechanical properties and standardised antibiotic release. In theory, good
mechanical properties without the presence of metal or plastic are an advantage in
the treatment of infected TKR. Like other articulating spacers, Spacer-K is fixed to
the bone with cement, loaded with antibiotics of the surgeon’s choice. It allows par-
tial weight-bearing and knee motion exercises between stages (Fig. 2).

A multicentre prospective study on Spacer-K [34] showed no recurrence of infec-
tion at a minimum follow-up of 6 months. A recent 2-year minimum follow-up [30] of
articulating spacers showed that the preoperative range of motion remained
unchanged between stages and improved after reimplantation of the final prosthesis.
No patient had recurrence of infection at latest follow-up. Neither breakage, nor clini-
cally relevant wear of the spacer were detected, and no complications related to the
spacer were observed.

Fig. 2. a Preoperative
antero-posterior and
b lateral radiographs
of a 60-year-old male
with late infection and
loosening of the total
knee replacement.
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Fig. 2. ¢ Postoperative
antero-posterior and
d lateral radiographs
after first stage revi-
sion show a cemented
antibiotic-loaded
articulating Spacer-K.
e Postoperative
antero-posterior and
f lateral radiographs
one year after second
stage revision show
revision total knee
replacement with
acceptable bone stock
and satisfactory align-
ment of the implant.

Conclusion

Infected TKR is a devastating complication, both for the patient and the surgeon. It
causes major morbidity, and presents a difficult surgical management issue with pos-
sible unsatisfactory outcome, prolonged hospitalisation, and a period of marked lim-
itation of mobility for the patient. Hebert et al [19] reported that the surgical treat-
ment of an infected TKR is three to four times as expensive as a primary procedure.
Most of the cost was related to the hospitalisation and antibiotic treatment. Knee
spacers used in the two-stage surgical management of infected TKR, at present the
gold standard of treatment [12, 15, 21], can improve mobilisation and hasten recovery
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of patients, with shorter hospital stay between stages. Furthermore, in addition to the
local delivery of high levels of antibiotics, spacers facilitate the second stage proce-
dure by maintaining the joint space and, in case of articulating devices, maintaining
knee range of motion. It has been shown that the patients with the articulating spac-
ers, when compared with the block spacers, have better mobility after reimplantation
with a similar complication rate and infection rate in the long term [12, 21, 23]. Last
but not the least, the cost of spacers represents a relatively small fraction of the total
expenses for the management of the infected TKR.
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Key Points in Two-stage Revision for Infected Knee
Arthroplasty: Bone Loss, Quality of Life Between
Stages and Surgical Approach at Second Stage
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Introduction

Total knee replacement is one of the most common and successful procedures in ortho-
paedic surgery. Excellent long-term results are reported both in young adult patients
and elderly people [23, 25, 26]. However, infection remains, notwithstanding rigorous
prophylactic protocols, an important cause of failure. The incidence rate ranges from 0.5
to 5% in different case reports, with an increased risk in revision surgery or in patients
with certain risk factors, such as rheumatoid arthritis diabetes mellitus or compromised
immune status [24, 27, 29]. The treatment of this devastating complication is still con-
troversial today, and in the literature many therapeutic options are reported, ranging
from simple parenteral antibiotic therapy, repeated joint lavage without joint removal,
and resection arthroplasty, to one-stage or two-stage re-implantation and finally to
arthrodesis or amputation [8, 19, 24]. The choice of the treatment depends upon many
variables: the type of infection and the type of the organism responsible, the general
conditions of the patients and his life expectancy. Prosthetic infections are classified,
using chronological criteria, into four types as early post-operative infection, late
chronic infections, acute Hematogenous infections and sub clinical infections with pos-
itive cultures [29]. In the treatment of late chronic infections the best results, both for
the eradication of the disease and for function recovery, have been obtained with either
one-stage or two-stage exchange arthroplasty. The two-stage technique, has been shown
to be more effective, with a success rate ranging from 90 to 96 % [4, 31, 32]. This proce-
dure requires primary implant removal, followed by a six-week course of systemic anti-
biotics and delayed exchange arthroplasty. The use of an impregnated antibiotic cement
spacer block was introduced to maintain the joint space, prevent retraction of the collat-
eral ligaments and to provide local antibiotic release [4, 7, 31, 32]. Despite encouraging
results in infection eradication the block spacer presents several disadvantages: knee
movement is restricted by cast immobilization between stages and the spacer may dis-
lodge resulting in bone erosion. Second stage surgery is still difficult secondary to a scar
formation, tissue adherence and quadriceps shortening. To overcome the disadvantages
of block spacers, and to facilitate reimplantation surgery, articulating spacers were
introduced. Emerson et al [12] compared static block spacers with articulating spacers
and reported an improvement in post operative ROM with no significant difference in
the reinfection rate.

Essentially there are three types of articulating spacers: temporary [12, 18, 28], utiliz-
ing re-sterilized components or new components (also called spacer prostheses);
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cement spacer molded during operation [10, 14, 16, 21], and preformed cement spacers
[6] . The first two techniques showed advantages and disadvantages both with mechani-
caland biological points of view : the presence of hardware could theoretically favour bac-
terial adhesion, and the cement spacer moulded in the operative room do not have repro-
ducible mechanical characteristics, and therefore a potential risk of component fracture
[22]. We have reported our experience with the preformed articulating knee spacer. In
the years 2000, we established a protocol for the two stage treatment for patients who have
alate chronic deep infection of the knee. Between March 2000 and December 2005 a pre-
formed articulating spacer (Spacer-K - Tecres Spa - Italy) was implanted in the manage-
ment of infected total knee arthroplasty. The rehabilitation program between stages is the
same as for a primary implant, with resulting shorter hospitalization and costs. The sec-
ond stage surgical procedure is easier without an increase in bone loss.

Materials and Methods
Study Group

From March 2000 to December 2005 twenty-eight consecutive patients underwent
two-stage exchange arthroplasty for infection at the site of a total knee arthroplasty,
using a preformed articulating knee spacer. Two of these required arthrodesis (for
medical problems). Another was unable to complete his functional questionnaires
adequately because of language difficulties. Thus, twenty-five patients were available
for inclusion in the present study.

Mean patient age was sixty-seven (range 54-77). The patients included seventeen
women and eight men, with an average duration of follow-up of thirty-eight months
(range twelve to sixty-nine months). Coagulase-negative staphylococci were detected
in 75 % and in two cases the bacteria was not detected (Table 1).

Basing upon Mc Pherson’s classification [20], fifteen were type A and ten type B.
The diagnosis of infection was confirmed on the basis of positive culture of a pre
operative aspiration and intra operative tissue specimen and increase c-reactive pro-
tein levels and an elevated erythrocyte sedimentation rate. According to Segawa
infection classification [29], all cases were late chronic infections. All these knees had
a functioning of extensor mechanism and collateral ligaments (medial): according to
Engh’s classification the bone loss was type I & II [13].

Treatment Protocols

Spacer-K (Tecres Spa, Italy) was used in all the knees. The device is manufactured in
three sizes, with the characteristics of an ultra-congruent condylar knee-prosthesis.

Table 1. Average pre-
operative, interim &

last follow-up OfROM, ROM 83° (400_ 1200) 77° (450_ 1000) 90° (750_ 1250)

Pre-op average  Interim average Last FU average

IKSS clinical & func-

tion, Womac pain & IKSS ¢ 35.38 72.92 75.38

function IKSS f 37.96 76.04 80.58
Womacp 17.38 8.92 8.67

Womacf 60.67 34.25 31.04
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Fig. 1, 2. Device
dimensions and intra-
operative photograph
obtained after the
application of the
Spacer-K

It is made of antibiotic-loaded acrylic bone cement (gentamicin 2.59% w/w), and
ready to use (Figs. 1, 2).

The mechanical properties have been tested [30] and validated. The antibiotic
content and release mechanism is known and standardized [2]. The first stage is an
aggressive debridement of all the infected or devitalized tissues and after an extensive
pulsating lavage , the preformed articulating spacer, is inserted, always secured with
proper antibiotic-loaded cement (Figs. 3, 4), based upon the culture exam. To each
patient a systemic antibiotic therapy (minimum two types of antibiotic) was adminis-
tered, for six weeks under the guidance of an infectious diseases consultant. Patients
were encouraged to actively mobilize the knee immediately after surgery with partial
weight bearing. The spacer was left in place until clinical healing of the soft tissue and
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Fig. 3, 4. Antero-posterior
and lateral radiograph
showing the preformed
articulating spager before
the second stage

normal laboratory parameters. Joint aspiration for microbiological investigation was
carried out one week after completion of the antibiotic therapy. The mean time in
which the spacer has been left in situ is 12 weeks; in two patients it had been left lon-
ger: the first was the patient’s choice and the second was a minor skin necrosis in a
knee that had undergone several previous operations with multiple scars.

Evaluation

With the ethical committee board’s approval, the study outcomes were assessed on
the basis of the patients’ responses to the Western Ontario and McMaster Universities
Arthritis Center (WOMAC) questionnaire, the IKSS and satisfaction questionnaire.
The satisfaction score has been based upon the answers regarding post operative
pain, activities of daily living, ability to walk and use of crutches. Daily activities were
scored on four different levels: excellent, good, fair, and poor.

The ability to walk is scored on unlimited (> one km), good (up to 800 meters), fair
(less than 400 meters), poor (only at home). The postoperative range of motion has
been recorded before the arthroplasty removal, while the device was working and at
the last follow-up of the definitive implant. Bone loss was assessed radiographically
and defined intraoperatively, according to the classification system of Engh [13] at
both, the first and the second stage of the revision. Reinfection was defined as a recur-
rence of inflammation with a positive culture or clear serological evidence of infec-
tion.

Results

Standard surgical approach is performed at the second stage. Tibial tubercle or quad-
riceps snip osteotomy is never utilized.
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The first stage bone loss was classified, according to the Engh system, as type 1 for
seven femora (14 % ); nine tibiae (18 %); as type 2A for thirteen femora (26 %); eleven
tibiae (22 %); as type 2B for five femora and tibiae (10 % each). The spacer removal
has always been easy without any change in previous Engh’s classification and in the
shape of the bone itself. No spacer wear or breakage has been shown.

During the interim period the use of crutches is mandatory and the patients’ begin
to walk after two days post surgery.

Two weeks later seventy seven per cent of patients went on one crutch, but one
third of this percentage of patients had stated that they were capable of walking with-
out crutches. Seventy-one per cent of patients reported no pain; twenty-nine percent
reported mild discomfort. Brace was used for the first post-operative week just in
three patients. The ability to walk was unlimited in six patients (24 %), good in thir-
teen (52 %), fair in four ( 16 %), poor in two (8 %). The range of motion remained
unchanged between the first and second stage or improved after definitive reimplan-
tation.

Patients judged the result as excellent or good in 76 % of cases, fair in 16 %, and
poor in 8 %. Mean IKSS clinical was 35.38 (clinical) and 37.6 (function) on presenta-
tion; it improved to a mean of 72.92 (clinical) and 76.04 (function) after the first stage
and to a mean of 75.38 (clinical) and 80.58 (function) at final review. Mean WOMAC
(function and pain scores) were 17.38 and 60.67 on presentation respectively; it
improved to a mean of 8.92 and 34.25 after the first stage and to a mean of 8.67 and
31.04 at final review (Table 2) . We have at the first stage the following prosthesis : 24 %
of PS, 38% CR. 19 % M. bearing, 14 % M. bearing UCOR, 5 % hinge. At the second
stage a PS type revision implant was used in 30 % of patients. In 55 % was CCK and in
15 % a hinge implant was required. One case (4 %) had a recurrence of infection.

Discussion

Two stage reimplantation is the preferred option treatment in late chronic infection
following total knee replacement. The use of spacers between stages has become the
accepted practice. The purpose of the current study was to determine whether a pre-
formed articulating spacer could reduce or avoid bone loss, improve quality of life
between stages, ease surgical exposure at second stage and increase functional
results, without a concomitant increase in infection rate. The removal of the spacer
proved uncomplicated, and in no case was a progression in osseous defect, either on
the femoral or tibial side noted. Other authors [12, 16] do not evaluate specifically the
bone loss, but Fehring et al [14] performed comparison of static spacer blocks with an
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articulating spacer and reported that 60 % of the patient with static spacers had either
tibial or femoral bone loss . At the same time the authors were unable to measure any
bone loss between stages in the 30 patients who underwent reconstruction with an
articulating spacer.

The quality of life using a preformed spacer between stages, has been satisfactory
and the ability to bend the knee between stages improves patient lifestyle without
compromising the overall results. With the exception of the first three cases where we
had used a brace for the first seven days post operatively, we never immobilized the
knee. The knee motion was pain free in most of the cases with a range of motion that
remained unchanged between first and second stage or improved after definitive
reimplantation in the stiff knee at the first stage. Of the 77 % of the patients who went
on only one crutch, at least one third admitted that they could walk without crutches.
Few authors report details of finding regarding ROM and quality of life between first
and second stage. Duncan et al [16] report that the average HSS ( Hospital for Special
Surgery) score during the interim period was 55.9 with a mean flexion of 76.1°. Unfor-
tunately the cement spacers molded in the operating room do not have reproducible
mechanical characteristics, and there is a potential risk of fracture of the components
[22]. The Spacer-K works in a similar fashion to the intermediate prosthesis, but the
major drawback of the intermediate prosthesis, is the presence of hardware that could
theoretically favor glycocalyx formation and bacterial adhesion [15] . In many coun-
tries, current infectious disease control policies prohibit the use of removed and re-
sterilized prosthetic implants. It is difficult to make comparisons with the non-articu-
lating spacer block where the patient is not allowed to move the knee or apply any sig-
nificant weight during the interim period always using two crutches and brace.
Because of quadriceps shortening caused by 6 to 8 weeks of immobilization, surgeons
still are faced with a knee with significant scarring and capsular contracture at the
time of re-implantation. Surgical exposure at second stage is difficult and often
requires quadriceps snip, V-Y turn-down, or tibial tubercle osteotomy. Regarding the
surgical technique, all the knees were surgically exposed at second stage through the
previous incision using a medial parapatellar arthrotomy. A quadriceps snips or tib-
ial tubercle osteotomy at the second stage has never been necessary, but we used it at
the first stage in two knees with a flexion under 50°. The quadriceps snips have always
been used at the second stage by other surgeons [17, 18]. For the revision implant, we
used a PS type in 30 % of patients. In 55 % we used CCK and in 15 % a hinge implant
was required. These results demonstrate that a good ligament balance is possible also
at the second stage. The hinge implant was used in knees which have been stiff from
the first stage . Still today our reinfection rate is 4 % . These results are similar to that
achieved by other surgeon with a follow-up like ours. Duncan and colleagues [10]
based on 45 patients with knee infection the recurrence of infection occurred in 9 %
at mean follow-up of 48 months. Hofmann et al [17, 18] reported on fifty patients a
12 % recurrence of infection at mean follow-up 73 months, Emerson [12] looking
only at the patients with the static block spacers, with a follow up to 12.7 years
reported a re-infection rate of 30 %. We agree that the ability to bend the knee
between stages improves patient satisfaction without compromising the eradication
of infection, but the definition of complete healing of the infectious process would,
however require a longer period of observation. It is remarkable that the re-infection
rate depends more on time elapsed rather than on surgical technique.
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Introduction

Infection after total knee arthroplasty may require different therapeutical solutions:
one- or two-stage revision, surgical debridement and suppressive antibiotic therapy,
knee arthrodesis, amputation. Two-stage reimplantation using an interval spacer of
antibiotic-impregnated bone-cement has been investigated previously as a method
to eradicate infection, prevent limb shortening and stiffness [1, 2, 7, 8, 10, 12, 13, 18,
19, 21].

Our indication for this surgical treatment is based on the following conditions:

1. Chronic infection

2. Delayed (onset after 8 - 12 weeks from surgery) or late (onset after one year from
prosthesis implant) acute infection

3. Diagnosis confirmed by clinical history and examination, germ isolation.

4. Presence of extensor apparatus and local conditions allowing the surgical
approach.

5. General conditions of the patient allowing a double surgery.

6. Informed consent of the patient and agreement on following the therapeutical
indications.

Preformed antibiotic-loaded spacers (Spacer-K - Tecres Spa, Italy) (Fig. 1) offer pre-
dictable antibiotic release [3, 4] and tribological qualities that allow partial weight-
bearing and joint mobility.

Fig. 1. Preformed antibiotic-loaded spacer
(Spacer-K - Tecres Spa, Italy)
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Medium term results of a consecutive series of patients with chronically infected
total knee prosthesis, treated according to a same protocol are reported. The protocol
included a two-stage revision using a preformed antibiotic-loaded cement spacer,
cemented modular revision prosthesis and prolonged systemic antibiotic therapy
after first and second stage.

Materials and Methods

From year 2001 to 2006 40 patients, affected by septic knee prosthesis, underwent
two-stage revision in our Department according to the same protocol. For the pur-
pose of this study we have considered the first 21 consecutive patients, at a follow-up
ranging from 2 to 4 years from revision. Two patients were lost to follow-up. In all the
cases the infected prosthesis was removed and a preformed antibiotic-loaded spacer
was implanted. Spacer-K is an off-the-shelf preformed antibiotic-loaded cement knee
spacer, available in three different femoral and tibial sizes, not interchangeable, that
may be intra-operatively chosen. The cement is pre-loaded by the manufacturer with
gentamicin at a concentration of 1.9 % (w/w). Two to three months after implant, the
spacer was removed and the patients underwent reconstruction using cemented
modular prosthesis (PFC TC3, Johnson & Johnson-DePuy Inc.).

There were 6 men and 12 women. Mean age at the time of the operation was 63.5
years (range, 58-76). The interval between the previous index operation and the
revision ranged from 1 to 4 years. Five patients underwent a previous revision opera-
tion.

Specimens for culture were obtained from wound drainage in 4 patients, from
knee aspirate in 10 patients, only intra-operatively in 3 patients. In two patients the
cultural examinations were always negative.

After prosthesis removal and accurate bone and soft tissues debridement, the
Spacer-K was inserted. In all the cases the spacer was fixed with one or two packs of
antibiotic-loaded cement (Cemex Genta — Tecres Spa, Italy — gentamicin 2.5 %) to
which vancomycin (5 %) was also intra-operatively added. To this aim the vancomy-
cin powder was thoroughly mixed with the cement powder before the addition of lig-
uid monomer. Postoperatively, patients were allowed partial weight-bearing on the
operated extremity with two crutches until re-implantation.

All the patients received a minimum of 6 weeks of organism-specific antibiotics
postoperatively and returned for clinical follow-up at the completion of their antibi-
otic course. Patients were scheduled for removal of the spacer and revision arthro-
plasty 2 to 4 weeks after completion of intravenous antibiotics or 8 to 12 weeks after
spacer implant.

Patients with successful eradication of their infection, as evidenced by complete
blood count with differential and C-reactive protein within the normal ranges under-
went the second stage of their reconstruction. If clinical suspicion of persistent infec-
tion remained despite negative laboratory studies, joint aspiration before reimplanta-
tion was performed for cultural examination and white blood cells count. In all cases,
intraoperative cultures were obtained at the time of the second stage procedure.

At revision the knee was exposed through the same surgical approach and the
spacer was removed without difficulty. When necessary (in 5 patients) an osteotomy
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of the anterior tibial apophysis was performed, to allow knee flexion and placement
of the patella. All the knees were treated with modular cemented (Cemex Genta - Tec-
res Spa, Italy) revision prosthesis (PFC-TC3, Johnson&Johnson DePuy). Cement was
not applied in the femoral or tibial canal or around the prosthesis’ stems. Touch-
down weight-bearing was allowed for 6 weeks followed by 50 % weight-bearing for 6
weeks. Full weight-bearing was usually permitted at 12-16 weeks after surgery,
depending on muscular strength. After operation, parenteral antibiotics were admin-
istered for 6 weeks. After each procedure closed suction drainage was inserted and
removed after 48 hours.

Our primary outcomes included eradication of infection, spacer stability and
integrity and implant stability. Failure of treatment was a recurrence of infection,
defined as the occurrence of clinical signs of infection (redness, swelling, pain, fistu-
lae) whenever at follow-up.

Preoperative and post-operative hematologic studies included the determination
of erythrocyte sedimentation rate, white blood cell count, and C-reactive protein
level. Plain radiographs included anteroposterior and lateral views of the knee joint.
Radiographic examination was performed at 2, 6 and 12 months postoperatively, fol-
lowed by yearly intervals thereafter. Knee range of motion pre- and post-operatively
was recorded.

Results

The 21 patients included in this study were followed for an average of 32 months
(range, 24 - 48 months). Two patients were lost to follow-up at, respectively, 36 and 40
months post-operatively, without any sign of infection.

Identified organisms were the following: S. aureus in 9 patients and S. epidermidis
in 6 patients (methicillin-resistant staphylococci strains: 10), Pseudomonas aerugi-
nosa in 2 patients, Escherichia coli in 1 patient, no isolates in 2 patients.

Fig. 2. 63-year-old
female who had
chronic infection with
a draining sinus in
total knee replace-
ment

a pre-operative plain
radiograph
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The interval between the first-stage
and second-stage operations ranged from
8 to 12 weeks (mean 83 * 16 days). Dur-
ing the interval 18 patients had no pain
and 3 patients reported mild pain. All
the patients were able to walk with par-
tial weight-bearing, with two crutches.

At the time of the latest follow-up no
patient showed clinical evidence of
infection recurrence and no patient
required revision for any reason (Fig. 2).
The range of motion was improved from
60.8 and -5.1 to 81.1 to -3.1 flexion and
extension range, respectively.

Fig. 2b. Intra-operative
view of the spacer.
Note the large amount
of cement used to fix
the implant

¢ control 4 years from
revision
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Postoperative complications included: one spacer dislocation; one femoral and
tibial fracture, treated with osteosynthesis; two knee lateral instability > 5 degrees.

Two patients had side effects during antibiotic treatment (gastrointestinal tract
dysfunction), that required temporary withdrawal of antibiotics.

Discussion

Two-stage revision of septic knee prosthesis has been reported to provide a success
rate ranging from 80 % to 100 % and a mean success rate of 92 % in 246 patients at a
mean follow-up of 3.4 years, according to a meta-analysis of different studies (cf.
Table 1). Our results, when compared to the literature data, are encouraging, even if
the number of our series is still relatively low.

The use of antibiotic-loaded cement, as it has been shown in many studies, allows
to obtain bactericidal local antibiotic levels [3-5, 9, 11, 14-17, 20], even if some
authors pointed out possible inconvenience connected with the toxic effect of poly-
methylmethacrylate on polymorphonuclear cells [22, 23], the risk of developing
resistant strains and of cement fragilization. In this regard, the possibility of using in
cement spacers antibiotic combinations with concentrations higher than those per-
mitted in one-stage revision surgery, may reduce the risk of occurrence of resistant
bacteria and of small colony variants.

Many Gram-positive and Gram-negative organisms are resistant to gentamicin,
that currently is the antibiotic added by the manufacturer to the preformed spacers
that we have used. In our series vancomycin was added in the cement used to fix the
spacer implant. Therapeutic levels of vancomycin and gentamicin, have been found
in vitro and in drainage fluid after they were used with cement [4, 5,9, 11, 14, 17]. Sys-
temic antibiotic administration has also been performed for approximately six weeks
after the first and second stage operation. The antibiotic choice has been made on the
basis of cultural examination and antibiogram and two antibiotics have been admin-
istered parentally and orally during the first 3 or 4 weeks and then only orally for the
remaining 2 or 3 weeks in all the patients. In the lack of comparative studies it is not
possible to drive any conclusion either if this prolonged systemic antibiotic treatment
was an over-treatment or, on the contrary and as we suggest, if it may have played a
role in the overall good success rate in this series of patients. Two of our patients
(11 %) had side effects due to antibiotics. These side effects might be related to post-
operative intravenous antibiotics or antibiotics used in the cement spacer (or both).
However, the safety of the antibiotic delivery from the cement spacer has been previ-

Author FU #Cases % Success Table 1
Masri BA et al. (1994) 2.2 24 91.7
Wilde AH et al. (1988) 1.5 15 80.0
Haddad FS et al. (2000) 4.0 45 91.0
Barrack RL et al. (2000) 3.0 28 94.0
Fehring (2000) 2.5 15 100.0
Emerson RH (2002) 4.0 22 90.9
Meek RM (2003) 4.0 47 96.0

Hofmann AA et al. (2005) 6.0 50 92.0
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ously established [6] and the side effects resolved after temporary withdrawal of
intravenous antibiotics in all the patients.

Our surgical technique included in rigid knees the osteotomy of the tibial apophy-
sis. This technique, that allows optimal surgical exposure and placement of the
patella, did not lead to non-unions in our series, although this remains a possible
complication.

In conclusion, our results show, in a limited but homogeneous series of patients,
that a preformed articulated spacer and a cemented modular revision prosthesis
allow to achieve infection eradication and a significant increase in the joint range of
motion.
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Introduction

Knee arthrodesis is a surgical procedure performed in order to salvage a limb in
which the knee joint is compromised in a way to preclude any possibility to re-create
anew articulation through a prosthetic replacement. This is especially true in severe
periprosthetic septic cases.

The etymology comes from Greek language: arthron (= articulation) + desis (=
block, constraint).

Known as well as “joint fusion”, arthrodesis is an artificially-induced ankylosis
with a surgical procedure, normally irreversible (dis-arthrodesis has been exception-
ally performed - Figure 1).

Aims of arthrodesis are: 1) pain elimination; 2) search for a joint stability which is
compromised; 3) re-alignement of the articular ends displaced by severe osteoarthri-
tis.

Fig. 1. If dis-arthrode-
sis is performed, it is
necessary to re-create
an adequate articular
midline (thin lines)
and have the patella
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Henry Park (1745-1831) was the first surgeon to perform a knee arthrodesis in a
33-year-old sailor affected by tubercular gonilitis [1].

Park resected the distal end of the femur and the proximal end of the tibia and then
joined together the two ends. The wound healed and the extremities fused. The
patient was left with a 3-inch shorter limb, a limb which was anyway functional.

On September 18, 1782 he wrote to his mentor and friend Sir Percivall Pott,
explaining the rationale of the intervention: “The cure is the complete removal of the
articulation, and of the whole or the largest part possible of the capsule; in this way
healing is achieved through the formation of a callus which joins the femur to the
tibia, when this intervention is performed at knee level” [2].

Park and the French surgeon Moreau collaborated strictly to develop the tech-
nique of articular resection for tuberculosis [3].

Excision or arthrodesis of the knee was a simple technique, which corrected the
deformities and produced wide flat surfaces of cancellous bone which just needed to
be kept firm, while fusion occurred.

Initially surgeons used only external braces for the immobilization. Morrant Baker
in 1887 introduced the use of crossed nails for the internal fixation [4]. In 1915 Melvin
Henderson published the experience at the Mayo Clinic [5]. In 1932 Albert Key intro-
duced the concept of compression (= positive pressure) [6]: indeed, after the resec-
tion of the articular ends of the tibia and the femur, fixed them using long nails pass-
ing through the proximal tibia and the distal femur. The screws were fixed with tight-
eners, which allowed to achieve a positive pressure between the resected surfaces,
immobilizing them rigidly.

Sir John Charnley made public the usefulness and the technique of arthrodesis [7,
8,9, 10]. Nelson and Evarts (1971) first described arthrodesis as election treatment
for failed total knee arthroplasty [11]. Since then knee prosthesis failure have become
the main indication for knee arthrodesis. [12, 13]

Stulberg and Rand clearly described the indications for knee arthrodesis following
a failed total knee replacement:

high functional demand

disease involving a single joint

relatively young age

deficient extensor mechanism

inadequate soft tissue coverage

immunocompromised condition

the presence of a highly virulent microorganism causing infection that requires
highly toxic antimicrobial therapy [14, 15].

The surgical technique foresees:

a. accurate removal of the residues of cartilage and of the fibrous and membranous
adherences from both articular surfaces

b. compression and fixation of the bone ends, as in fracture

c. bone graft (possible with local auto-graft), useful for bone fusion stimulation

The main complication of knee arthrodesis is pseudo-arthrosis (“non-union”).
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The causes of pseudoarthrosis are:

bone deficit (bone-loss)

infection persistence

insufficient apposition of bone grafts
mal-alignement of the bone segments
inadequate immobilization

The optimal positioning of the knee requires:

® negligible valgism
® extra-rotation of 10°
® aflexion ranging from 0 to 20°

Contraindications to arthodesis are considered:

a severe septic bilateral arthopathy of the knee

a severe septic ipsilateral arthropathy of the hip and of the ankle
a severe bone segmental deficit

the amputation of the controllable limb

The methods of achieving fixation for a knee arthrodesis following a failed knee
replacement include including external and internal fixation [25].

External fixation can be performed taking advantage of a number of medical
devices, ranging from orthopaedic braces and casts, Kirschner wires and Steinmann
pins (percutaneously inserted), and external fixators (monoaxial, quadrilateral, cir-
cular, hybrid) [16].

Internal fixation can be achieved using an intramedullary nail or a plate [17, 18, 19].

The use of an endomedullary nail (Fig. 4) provides a reliable union rate even in the
setting of major bone defects and septic failure [25]. The use of bone graft is useful
and helpful to restore lost bone stock or to augment fusion [26].

Staged debridement prior to intramedullary nail arthrodesis, with removal of all
the prosthetic components and infection control, is mandatory to avoid re-infection
before proceeding with the fusion [16, 18, 22, 23, 25]. Intramedullary nailing is also
the preferable technique to repair considerable limb shortenings (over 6 cm) and the
best choice when arthrodesis is necessary and sepsis is not present (as in the irrepara-
ble lesions of the knee extensor apparatus).

Nonetheless there are some contraindications to the use of the endomedullary
nail:

a. active infection for the risk of diffusion into the diaphyseal canal of femur and
tibia;
b. presence of angular deformities of the femoral or tibial diaphysis.
The complications described in literature are quite high (from 40 % to 55 %) and go
from breakage to migration of the nail till bone fracture. Therefore external fixation
is to be preferred in those cases in which infection resolution is not sure, whereas
internal fixation finds its indication when infection has healed and a limited limb
shortening is required [20, 21, 22, 23].
A further problem is to decide whether arthrodesis should be performed at the
time of prosthesis removal (one stage) or be delayed (two stages).
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Fig. 2. Intra-operative
moulded spacer

Fig. 3a, b. Preformed
knee spacer (Spacer-K
- Tecres Spa, Italy)

In our experience, fixation with endomedullary nail (4 cases) was always performed
in two stages, external fixation instead was performed in one stage or two stages. One
stage was performed 1) due to age or patient conditions; 2) due to local conditions or
lack of clinical signs; 3) due to a direct request of the patient. When a two-stage
approach was performed, a temporary PMMA spacer supplemented with antibiotic
(spacer block) was used.

Until 2001 spacers were hand made in the operating theatre (Fig. 2) adding 1l or2g
of vancomycin to a 40 g cement dose, which could also be already supplemented with
antibiotic (gentamicin, tobramycin, erithromicin).



35 Arthrodesis for the Treatment of Severe Knee Disease

313

34

Fig. 4a, b. Intramedullary nail inserted through the knee joint

From 2002 a preformed cement spacer (Tecres Spa) has been used (Fig. 3). The spacer
is fixed with cement supplemented with tobramycin, and sometimes a second antibi-
otic (vancomycin, imipenem, others) if suggested by the antibiogram.

Surgical Technique

The success of arthrodesis depends mainly on the width of the two surfaces of cancel-
lous bone well aligned and from the stability of the fixation. Special attention is given



314

Clinical Applications: Knee

to the removal of prosthesis components and cement, using proper saws and chisels.
Bone cement and all devitalized and granulation tissues must be removed, without
injuring the bone in good condition, essential to achieve a good contact with the bone
surfaces and the right alignement. The “good” bone wrongly removed should be re-
used; often the bone of the patella is used, preserving the integrity of the extensor
apparatus.

To increase the contact between the bone surfaces, the fragments of cancellous
bone (chips) are inserted among them. Generally neither grafts taken far from the
arthrodesis site (iliac crest, contralateral pre-tibial apophysis), nor bone from bank,
nor synthetic bone substitutes is used.

Fig. 5a. first stage with knee
spacer application
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The preparation of the surfaces is quite demanding, especially after the removal of
highly invasive prosthesis, such as constrained or revision ones, or when large geodic
cysts or sclerotic areas are present [24, 25]: in this last case several revitalizing bone
perforation are performed (Beck’s style).

After the preparation of the bone surfaces, fixation must be performed with much
attention, especially with severe osteoporosis or bone loss. For increasing the stabil-
ity, the external fixator is reinforced with further pins.

Before performing the fixation with external axial fixator, another fixation with
Kirschner wires or crossed Steinman pins is done (Fig. 5), entering percutaneously
into the proximal tibia and proceeding through the diaphyseal canal till to transpass
the cortical bone of the distal femur from inside to outside.

The fixation with crossed wires is left generally for one month - one month and a
half, and then it is easily removed. Weight-bearing is given quite early, except when
the pre-tibial apophysis is detached and the osteosynthesis is performed, in these
cases weight bearing is delayed of 15 days.

Fig. 5b. second stage
with external fixator
and Kirschner wires;
c clinical aspect of the
second stage
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Case Series
Materials and Methods

From January 2002 and April 2006, 25 patients (6 M, 19 F) underwent knee arthrode-
sis. The average age was 67 (range 35-84). 4 patients were treated with endomedul-
lary nail and 21 with external fixation (3 with Ilizarov with trochanteric pins, 18 with
monoaxial external fixator).

Reason for arthrodesis were: peri-prosthetic sepsis (20 cases), tubercular gonilitis
(2 cases); severe septic arthritis following osteosynthesis (2 cases); severe polimicro-
bic osteoarthritis with long-term fistula following homoplastic transplant of ACL.

Fig. 6a. Failed arthrodesis with dual plate
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The 4 cases treated with endomedullary nails (2 cemented and 2 uncemented),
introduced in retrograde fashion, were performed in two stages.

One-stage procedure (direct arthrodesis) was performed in 11 patients (2 tubercu-
lar gonilitis; 2 post-traumatic osteoarthritis, 4 failed arthrodesis (Fig. 6), 1 secondary
osteoarthritis following ACL transplant, 2 peri-prosthetic infections following TKR);
two-stage procedure was performed in the remaining 14 patients, all showing a peri-
prosthetic infection.

In 7 cases a preformed spacer (Spacer-K - Tecres Spa, Italy) was implanted: 4 were
then treated with an endomedullary nail.

In the other 7 cases an hand-made spacer was implanted (in one case only the tibial
component of the prosthesis was removed and therefore the spacer had a reduced
thickness).

In the patients treated with a two-stage procedure, arthrodesis ha been performed
at least 6 months after spacer implantation.

3 patients, which underwent the first stage of the procedure (prosthesis removal
and Spacer-K implantation) have not yet completed the second stage of the procedure
after 2 years and are in a stand-by situation (possible definitive spacer?) and therefore
are not considered in the present series.

Fig. 6b. One-stage arthrodesis with external fixation and Kirschner wires
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One patient is affected by a severe dilatative miocardiopathy, another is affected by
severe renal insufficiency, the third is affected by sclerodermy, with extended femoral
bone alterations of infarct-type following a prolonged cortisone therapy. All of them
can walk with a crutch and are satisfied of their functionality.

Results

Bone fusion occurred on average in 7 -8 months (range 6-9 months) in 17 patients;
3 patients (all females) died during the treatment for different causes and 5 still need
to complete the treatment. Limb shortening was on average of 3.8 cm (1.5-6.2 cm)
and this was compensated satisfactorily with a proper support.

No recurrence of infection was observed in the 17 patients which completed the
treatment at a mean follow-up of 14 months (2-39).

All the patients had some reduction in limb functionality: 2 patients walk without
any need of crutches and do not have any pain, 10 generally use a crutch when they
leave their home, but without pain; 5 often need to be helped when they walk or need
two crutches or use the walking frame, but without much pain. Both groups are satis-
fied in respect to the situation prior to arthrodesis.

Complications

The observed complication were:

1. spacer dislocation, with rotation of the device due to wide osteolysis due to
debris formation. The case was successfully solved with the arthrodesis;

2. oblique fracture of the femoral diaphysis where the fiches were applied: the
femur was extremely osteoporotic due to the prolonged inactivity of the patient.
The case was surgically solved with additional osteosynthesis with a plate. The
patient subsequently died for cardiac problems.

3. anaemia following the intervention for the lesion of three perforating arterioles
of the femur due to transfixion of the fiches: the case was solved with selective
embolization of the arterioles;

4. mal-positioning of the femoral component of the nail with proximal protrusion
from the diaphyseal canal: nonetheless the patient is fine even during walking as
the cemented endodiaphyseal part of the stem does guarantee stability.

Conclusions

In the present experience external monoaxial fixators pin tract infections resulted
negligible, the management did not resulted problematic and the patients showed a
good tolerance and compliance.

Two-stage arthrodesis with the use of an antibiotic-loaded spacer, the possibility
to perform proper surgical debridement and adequate specimens retrieval for micro-
biological evaluation in both surgical acts and consequently the proper tailored sys-
temic antibiotic therapy allowed to optimize the treatment with arthrodesis of the
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irretrievably septic failures of the knee prosthesis, reducing extremely the main
causes for insuccess of this treatment, i.e. recurrence and pseudo-arthrosis.

References
1. D’Arcy Power (1936) Henry Park, who excised joints in 1781. Brit J Surg 24:2057
2. Park H, Moreau PF (1806) Cases of the excision of carious joints. Glasgow University Press,
3sc
3. Moreau PF (1803) Observation pratiques relatives a la résection des articulations affectés de
carie. Farge, Paris
4. Morrant Baker (1887) Remarks on method of fixing the bones in the operation of excision of
the knee joint. Brit Med ] 321-324
5. Henderson MS (1915) Resection of the knee for tuberculosis. JAMA (64):140-145
6. Key JA (1932) Positive pressure in arthrodesis for tuberculosis of the knee joint. South Med
] (25):909-915
7. Charnley J (1948) Arthrodesis of the knee joint. ] Bone Joint Surg (Br) 30:478 - 486
8. Charnley J, Lowe HG (1958) A study of the end results of compression arthrodesis of the
knee. ] Bone Joint Surg (Br) 40(4):633-635
9. Charnley J, Houston JK (1964) Compression arthrodesis of the shoulder. ] Bone Joint Surg
(Br) (46):614-620
10. Charnley] (1951) Compression arthrodesis of the ankle and shoulder. ] Bone Joint Surg (Br)
33(2):614- 620
11. Nelson CL, Evarts CM (1971) Arthroplasty and arthrodesis at the knee-joint. Orthop Clin
North Am 2(1):245-264
12. Brodersen MP, Fitzgerald RH Jr, Peterson LFA et al (1979) Arthrodesis of the knee following
failed total knee arthroplasty. ] Bone Joint Surg (Am) 61(2):181-185
13. Hagemann WE, Woods GW, Tullos HS (1978) Arthrodesis in failed total knee replacement. J
Bone Joint Surg (Am) 60(6):790-794
14. Stulberg SD (1982) Arthrodesis in failed total knee replacements. Orthop Clin North Am
13(1):213-234
15. Rand JA (1993) Alternatives to reimplantation for salvage of the total knee arthroplasty com-
plicated by infection. ] Bone Joint Surg (Am) 75(2):282-289. Review
16. Knutson K, Bodelind B, Lidgren L (1984) Stability of external fixators used for knee arthrod-
esis after failed knee arthroplasty. Clin Orthop Relat Res (186):90-95
17. Nichols SJ, Landon GC, Tullos HS (1991) Arthrodesis with dual plates after failed total knee
arthroplasty. ] Bone Joint Surg (Am) 73(7):1020-1024
18. Donley BG, Matthews LS, Kaufer H (1991) Arthrodesis of the knee with intramedullary nail.
] Bone Joint Surg (Am) 73(6):907-913
19. Stiehl JB, Hanel DP (1993) Knee arthrodesis using combined intramedullary rod and plate
fixation. Clin Orthop Relat Res (294):238-241
20. Vander Griend R (1983) Intramedullary arthrodesis of the knee after failed total knee arthro-
plasty. Clin Orthop Relat Res (181):146-150
21. Harris CM, Froehlich J (1985) Knee fusion with intramedullary rods for failed total knee
arthroplasty. Clin Orthop Relat Res (197):209-216
22. Wilde AH, Stearns KL (1989) Intramedullary fixation for arthrodesis of the knee after
infected total knee arthroplasty. Clin Orthop Relat Res (248):87-92
23. Ellingsen DE, Rand JA (1994) Intramedullary arthrodesis of the knee after total knee arthro-
plasty. ] Bone Joint Surg (Am) 76(6):870-877
24. Wiedel JD (2002) Salvage of infected total knee fusion: the last option. Clin Orthop Relat Res
(404):139-142
25. Petty W (1999) Knee arthrodesis in the treatment of failed total knee replacement. Med Gen
Med 1(1) [formerly published in Medscape Orthopedics and Sports Medicine Journal 1998
2(3)]
26. MacDonald JH, Agarwal S, Lorei MP et al (2006) Knee arthrodesis. ] Am Acad Orthop Surg

14(3):154-163



36 Arthrodesis and Amputation in Knee
Joint Infections

R.A. LAUN

Department of Trauma and Reconstructive Surgery, General Hospital Centre Neukolln
of Capital Berlin, Germany

Introduction

Infection is certainly one of the most menacing complications of total knee arthro-
plasty. Infection causes pain, limited function and prolonged hospitalization with
additional series of surgery [1, 8, 10].

Similar problems and treatment algorithms exist in cases of severe bone or soft tis-
sue defects of the knee area with or without joint affection. Soft tissue defects of the
knee that require reconstructive surgery may occur after trauma or following a surgi-
cal procedure, for example a failure due to severe infection [2, 3, 5, 7, 9]. Wound
breakdown and infection control is a challenge for both patient and orthopaedic sur-
geon.

More aggressive treatment is necessary for severe infection with resistant organ-
isms and/or an immuno-suppressed host and/or in cases of general sepsis [6,7, 8].

As a final option knee amputation is indicated in the presence of a life-threatening
sepsis, especially with multi-resistant or gas-forming microorganisms. To the sur-
geon infection is still a diagnostic and therapeutic dilemma, especially in cases of
acute or chronic knee joint infection [4, 5, 6, 10].

Main

Between October 2003 and March 2006 ten patients underwent a knee arthrodesis
after an infect-defect situation. One patient required an above knee amputation soon
after the surgical procedure.

Common indications for knee arthrodesis include failed total knee arthroplasty,
peri-articular tumor (mostly osteosarcoma), post-traumatic arthritis, and chronic
joint infection [1, 9, 10]. The primary contraindications to knee arthrodesis are
bilateral involvement or an ipsilateral hip arthrodesis. In case of a damaged knee
and exclusion of other reconstructive measures the contraindications are relative
[9, 10].

A wide variety of arthrodesis techniques have been described, including external
fixators, internal fixation by compression plates, intramedullary fixation through the
knee with a modular nail, and antegrade nailing through the pertrochanteric area.
Allograft or autograft are described to restore lost bone stock or to augment fusion [2,
3,9, 10].
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In this series a knee arthrodesis with an intramedullary modular nail passing
through the knee joint with a coupling module for the femoral and tibial nail compo-
nents was used.

This procedure allows a direct approach to the joint, simple intra-operative length
and rotational control, immediate bony compression and stable fixation of the long
bones femur and tibia - and lead in a trained team to short operative procedures.
Bone grafting was not used.

The indication to knee arthrodesis were found in patients with severe septic osteo-
arthritis (5), after failed knee arthroplasty (3) and with severe soft tissue defects
around the knee in combination with deep infection (2). The indication was based on
the microbiological evidence of the joint infection, mostly caused by Staphylococcus
aureus or mixed flora with Gram-positive and/ or Gram-negative cocci. In all ten
cases (including the above knee amputation) an outpatient antibiotic therapy was
done without success.

The surgical management was in all cases two-staged.

In the first stage local and systemic infection was treated with surgery, antibiotic
therapy [6, 7, 8] and simultaneous knee joint stabilization with an external fixator. In
a failed prosthesis or osteosynthesis the simultaneous removal of all implants and
bone cement was performed. In the cases of osteoarthritis total removal of articular
cartilage in combination with pulsed irrigation was performed. Intermittent revision
debridements with pulsed lavage followed every two days. A vacuum wound occlu-
sion was performed when possible. Accompanying systemic antibiotic treatment
started from day one and was modified according to the antibiogram.

In a second stage the definitive knee arthrodesis followed if microbiological and
histological examination were negative for three consecutive times.

All arthrodeses were performed with a trans-articular knee joint approach,
reamed retrograde nailing of the femur and reamed antegrade nailing of the tibia.
Limb length adjustment, rotational adjustment and bone compression of the femoral
and tibial parts were achieved with a modular coupling module.

In all cases we used the modular knee arthrodesis system of the Peter Brehm Com-
pany (Erlangen, Germany).

Figures 1-7 show a case of 32-year-old man with severe osteoarthritis and osteo-
myelitis with subchondral abscesses left knee treated successful with two staged man-
agement of knee joint arthrodesis.

For carefully selected patients with realistic expectations, knee revision prosthesis
may represent a therapeutic option in a controlled infection. In our patient group it
did not exist indication for a knee revision prosthesis replacement. Reasons for these
decisions were: old aged patients, long serial revision surgery, soft tissue defects,
functional arthrodesis caused by long period of knee joint transfixation and lack of
patient compliance.

Reports of knee arthrodesis indicate approximately 90 % success in eradication
of infection [2, 3, 9, 10]. The encouraging results, better functional outcome and
better patient convenience using the operative method of an intramedullary device
with a coupling module have expanded the role of this operative treatment option
to refractory cases and to severe infections with major soft-tissue loss. No reinfec-
tion after arthrodesis was seen, and wound and bone healing was normal in all nine
patients.
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Fig. 1a, b. X-rays of a 32 year old man with severe post-traumatic arthritis and osteomyelitis by
accompanying infection. Infect-defect situation of the left knee joint

Hae 5951 17 1 vE 187 H =

Fig. 2a, b. MRI of left knee joint shows severe post-traumatic arthritis with deep sub-chondral
abscesses in the medial part of the tibia
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Fig. 5. Post-operative X-rays of the transfixa-
tion of the knee joint with external fixator

Fig. 6. Two staged management: intra-opera-
tive sight of the finished knee arthrodesis
with a modular nail system with coupling
module
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Fig. 7a, b. Post-operative X-rays of the knee arthrodesis with the modular nail system with cou-
pling module showing correct axis and a closed gap by bone compression

Post-operative care was similar for all patients. External splints or casts were not
used. All patients started mobilization using two crutches and half weight-bearing on
day two. Average length of complete hospital stay was 48 days (range, 17-118 days).
Hospital stay after arthrodesis averaged 12 days. No patient developed pseudo-
arthrosis, normal bone healing and fixed bony fusion was seen within eight weeks
postoperatively. At this time all patients were allowed full weight-bearing without
crutches.

An 84 years old female patient with a severe infection of knee prosthesis with a
multi-resistant S. aureus despite immediate prosthesis removal, temporary stabiliza-
tion with an external fixator developed a necrotizing fasciitis around the knee. Renal
and hepatic insufficiency along with bad general conditions forced us within two
days to the above knee amputation. The patient died after 4 months.

Clinical results are shown in Table 1.
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Conclusion

In the described small series knee arthrodesis was the therapeutic option in severe
different infect-defect situations of the knee joint. Respecting the patient request for
a safe and convenient method in all the cases the trans-articular intramedullary fixa-
tion with a modular nail system and a coupling module was used. This method of
knee arthrodesis allows to obtain a stable and painless knee in a short healing time in
case of a damaged knee joint that is not amenable to other reconstructive measures.

Arthrodesis resection arthroplasty is in all other cases of a severe infection the
method of choice to end serial surgery. Above knee amputation is limited to absolute
refractory cases or a life-threatening situation [2, 3, 9, 10].
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Introduction

Many factors are responsible and predispose to infection and failed wound healing in
knee arthroplasty. During the preoperative phase presence of scars around the knee
for previous menisectomy or synovectomy [20], diabetes, tabagism, autoimmune dis-
eases, steroid therapy may lead to complicated wound healing. Moreover patients
with rheumatoid disorders are more prone to deep sepsis [2]. During the operative
phase wrong operation planning and surgical technique (including the prosthesis
type selection; e.g. constrained prosthesis is a predisposing factor in comparison
with unconstrained prosthesis) [17, 19] or wrong skin incisions may cause infection
and failed wound healing [20]. Because of many conditions, the incidence of compli-
cations reported in knee arthroplasty is very high, if compared with hip arthroplasty
[20]. The main complications of knee arthroplasty are deep venous thrombosis [20,
22, 24], pulmonary embolism [24], tibial loosening [31], supracondylar fractures of
the femur [6], peroneal nerve injury [28], wound failure [16] and deep infection [2,
12]. From a reconstructive point of view, the worse consequence is wound breakdown
with exposed prosthesis.

Deep infection and failed wound healing are the main causes of exposed prosthe-
sis, making sometimes critical the patient management. The laminar flow systems in
the operative theater should not be underestimated too: laminar flow systems was
thought to reduce intraoperative concentration of airborne bacteria and wound con-
tamination. Unfortunately some authors noticed an increased rate of sepsis in total
knee arthroplasty, while in total hip arthroplasty a sensible improvement was
observed. Their conclusion was that personnel positioning around the operating
table was a determinant factor of the rate of sepsis [21]. During the post-operative
phase late mobilization and continuous passive motion, no antibiotic prophylaxis
and haematoma are risk factors. Several reconstructive procedures, depending on the
the wound coverage size and shape, are described to manage complex wounds around
the knee with preservation of the joint and extremity: local skin flaps, local tradi-
tional fasciocutaneous flaps, muscle flaps (pedicled or free) and neurocutaneous
flaps 10]. For superficial damage local skin flaps should be considered, but if deep
structures are exposed and a bacterial agent is identified the result could be partial or
total flap loss. Traditional local fasciocutaneous flaps, as described by Ponten [26],
have been described for coverage of even large, but superficial skin loss around the
knee These flaps can be raised in different orientations as the parafascials vessels are
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supplied by a collateral vascular network around the knee, but they can be effective
only if the underneath joint capsule is intact. In addition, local fasciocutaneous flaps
do not have enough freedom for transfer because the pedicle is short and wide, hence
their indication is limited. The development of deep wound infection is also very dan-
gerous. This is the most devastating complication resulting in pain, discharge and
loss of function. The diagnosis, without wound breakdown can be difficult, because
pain, swelling, knee effusion and wound inflammation often occur after arthroplasty.
The main pathogens are Staphylococcus aureus and Staphylococcus epidermidis.
Sometimes fungal infections or Pseudomonas aeruginosa (infection or superinfec-
tion) are present.
Three main portals of entry for infection have been suggested [2]:

® intra-operative contamination due to skin commensals (S. epidermidis) or path-
ogens present in the atmosphere of the operating site (principally Micrococcus
spp. and Diphteroids). In both cases, they can survive, in the wound, hidden in
the prosthetic material despite a correct antibiotic prophylaxis [1, 2, 18, 20];

® post-operative inoculation of the joint by puncture wound or dehiscence of the
operative wound [2];

® hematogenous seeding related to distant foci of infection [2, 3]. Urinary tract
and gastrointestinal infections, but also dental procedures, are involved [2, 18];

Some Authors even recognized an association between the pathogens and the pros-
thetic material: S. aureus and metallic prosthesis, S. epidermidis and polyethylene
[11].

A reliable method for soft-tissue coverage around the knee is represented by mus-
cle flaps. These flaps offer several advantages providing obliteration of the dead space
around the prosthesis and enhancing humoral defense by improving vascularity,
draining collections and effusions [33].

Muscle flaps can take the form of local flaps or free vascularized flaps. Local mus-
cle flaps (e.g. gastrocnemius muscle, soleus muscle) have the important advantage
over free flaps of requiring shorter operative, assuring minimal donor site morbidity,
furthermore microsurgery is not necessary and post-operative care is simple. How-
ever free flaps are more amenable to coverage of massive defects than pedicled mus-
cle flaps [33]. The gastrocnemius muscle has been a mainstay for soft tissue coverage
of the knee and the upper tibia: it is safe, versatile and easy to conform to different size
and shape defect, moreover sometimes it may be unable to provide coverage for large
defects around the knee, particularly the supra-patellar region [29].

Perforator flaps represent an alternative useful method for reconstruction of the
knee, resulting in excellent aesthetic and functional results, but their dissection is
tedious and tiring for surgeons, especially if untrained, as they require extremely long
and proper (atraumatic) pedicle dissection technique. In addition a reliable perfora-
tor vessel could not be found during dissection in patient with considerable anatomi-
cal variations. But a non-underestimable drawback is the presence of scars in the
lower third of the leg and knee.

As reported in literature, and tested in our clinical experience, neurocutaneous
pedicled flaps, as described by Masquelet [23], could be a valuable alternative for soft
tissue coverage around the knee providing different advantages over gastrocnemius
muscle flap: greater flexibility of size and shape, longer arc of rotation, provision of
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skin with protective sensation, less swelling at recipient site and avoidance of a flap
twitch [29].

Our surgical experience in salvaging exposed knee prosthesis using island sural
neurocutaneous flaps is described.

Materials and Methods

The series refers to 15 patients (6 M, 9 F). Among these, 4 patients had diabetes, 2
immunologic diseases and 2 were under corticosteroid treatment.

In all cases cultures were positive. The detected pathogens were S. aureus and P
aeruginosa. Teicoplanin, amikacin and cephalosporins were administered.

All patients had post-surgical antithrombotic prophylaxis (LMWH). Subsequently
they underwent passive motion (Kinetec 0°-30°) for two weeks, followed by active
rehabilitation.

In all cases, after surgical debridement, an island fasciocutaneous flap based on
the vascular network accompanying the sural nerve was used for soft tissue cover-
age. The flap is raised with a midline axis, the distal margin is incised through the
deep fascia and the midline neurovascular pedicle identified. The sural nerve and
accompanying vessels are tied up and cut, and the deep fascia is included elevating
the flap from distal to proximal, the flap is then transposed and inserted in the recip-
ient site.

Fig. 1. View of right knee with a necrotic tis- Fig. 2. X-ray immage of the knee prosthesis
sue of 3.5 x 3 cm localized in the inferior part
of normal tissue between two vertical scars
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Fig. 3. Right knee after debridement. The Fig. 4. The sural fasciocutaneous is turned
knee prosthesis is showed by the surgical from the back to the anterior side of the knee
instrument to reconstructing the skin wound

Fig. 5. The post-operative result after 11
months

Results

At a mean follow-up of 18 months all flaps survived.

Neither venous congestion, nor suffering of the edges of the incision intended for
raising the flap were observed.

In two cases an hematoma occurred two weeks after surgical procedure due to
heparin. Both cases healed with primary closure, after surgical evacuation.

One case of recurrence, with formation of a small fistula, occurred in a patient
with RA treated with steroids.
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Discussion

Knee prosthesis exposure is due to wound dehiscence, skin necrosis, marginal wound
necrosis, skin steeping, sinus tract formation and hematoma [16], but early tissue
breakdown with exposure of the prosthesis is a severe, but rare, complication follow-
ing knee arthroplasty [7]. Moreover total knee arthroplasty requires major handling
and extensive undermining of the soft tissues, followed by early post-operative mobi-
lization: this may result in a damage to the skin. Skin breakdown generally occurs in
the region of the patella and the tibia, also because the soft tissues are poorly vascula-
rized [8]. In this area, the position of the prosthesis just under the skin may result in
exposure [5].

Other risk factors are diabetes, previous local radiotherapy, inflammatory rheu-
matic diseases, prior scars [5]. Infection increases if the damage to the skin is not
closed. Different studies suggest that revision surgery, rheumatoid arthritis, surgery
with conflicting skin incision and post-operative superficial wound infection are all
predisposing factors [15]. Insall and Johnson’s studies confirm the association of deep
infection with the use of constrained prosthesis [15, 19]. Design modifications have
greatly reduced the incidence of problems associated with early constrained and semi-
constrained total knee prosthesis. Nonetheless, post-operative infections continue to
be a serious problem [4]. The management of the infected knee prostheses is often
obscure. Attention should therefore be focused on prophylactic measures directed
towards gentle handling of the periarticular soft tissues. The most effective and practi-
cal way to reduce the risk of deep infection is by achieving first wound healing. For this
reason the parapatellar incision is ideal for the knee prosthesis insertion as it is paral-
lel to the skin cleavage lines of the knee and subjected to considerably minor wound
tension during knee flexion. Long-term antibiotic treatment suppresses symptoms
and reduce discharge, but usually does not eradicate deep infection in a cemented
prosthesis, with persisting wasting of bone stock, pain and functional disability. Long-
term antibiotic suppression is generally limited to patients which cannot undergo sur-
gical intervention and in patients with a limited life expectancy [19]. On the contrary,
antibiotic prophylaxis is crucial for infection prevention, and establishes the finest
pre-operative and post-operative conditions for first wound healing. Incorporation of
antibiotics, usually gentamicin, into the methyl-methacrylate cement is used as a pro-
phylactic means against infection [5]. In this way antibiotics can be effective against
organisms resistant to the levels reached by parenteral administration because of their
extremely elevated local concentration [5]. Studies reported in literature suggest that
in most cases careful, an early and adequate surgical management can be an effective
choice for salvaging an exposed knee prosthesis [4].

Surgical management must be planned to achieve a painless knee. Many different
surgical techniques can be performed for the management of an exposed prosthesis:
arthrodesis, surgical debridement without prosthetic removal [4], spacer position-
ing, reimplantation of a new prosthesis [4, 5] and, as last option, amputation. Follow-
ing arthrodesis, fusion is reachable in a small proportion of cases as suggested by
Hagemann et al [13]. More recent studies [31] confirm that the technique of immobi-
lization with Charnley compression clamps is inadequate for arthrodesis following
infection. A two-stage intramedullary nail, combined with additional bone grafting,
appears to be the most effective technique in order to obtain fusion [25, 32, 34]. Even-
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tually Bigliani suggested the use of pulsing electromagnetic fields to increase fusion
rate [2].

Immediate exchange prosthesis following radical debridement has proven to give
unpredictable results. A radical debridement, including prosthetic components and
cement removal as the first stage of a two-stage reimplantation arthroplasty, appears
to be more promising [2, 3, 11, 27]. Several authors’ opinion is that a two-week inter-
val between removal of the prosthesis and replacement is inadequate [2, 4, 19, 27]. In
most cases when the prosthesis is replaced after six weeks, painless walking is achiev-
able [2, 19]. Usually antibiotic-impregnated methyl-methacrylate beads are posi-
tioned in the knee cavity after debridement and prosthetic components removal till
the time of reimplantation [4]. Antibiotic selection is based on organisms sensitivity
and phlogosis indexes. During the period following removal of the prosthesis, length
is maintained with an external fixation-device or a long-leg cast [4] or a spacer. Gen-
erally antibiotic impregnated cement is used for the reimplantation; in well fixed
uncemented knee replacement good results were also reported in a small series just
with drainage and antibiotics [7]. In spite of positive results of revision surgery, the
prospect of amputation or even death remain a possibility as suggested by Hood and
Insall [14], and Grogan [12]. It seems that in most cases early coverage of the soft tis-
sue defect with a flap can avoid and neutralize exposure and infection [5]. According
to our surgical experience the fascioneurocutaneous sural flap is a good and useful
flap for the salvage of knee prosthetic exposure, offering several distinct advantages:
it is capable of covering large defects; it can be tailored to the defect size and shape,
providing less swelling at the recipient site and outlined anywhere on the suprafascial
course of the nerve; it provides skin with protective sensation as reported by Masque-
let [23]. Other advantages of this flap include ease of re-elevation from the recipient
site for subsequent orthopedic procedures and the absence of a flap twitch at the
recipient site; it is possible to raise either a proximally or distally based pedicle flap
[5]. The most significant drawback of this flap is the cosmetic deformity at the donor
site, moreover the sural nerve is divided and an area of sensory loss in the lateral
aspect of the foot is produced, eventually a risk of neuroma formation is reported [2,
29]. In our patients we have not observed any the above described complications. In
our opinion, the island neurofasciocutaneous sural flap represents a reasonable
reconstructive alternative for providing fine and useful soft tissue for covering skin
defects around the knee.
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Historical Perspective

Infection following total shoulder arthroplasty, although uncommon, can be a devas-
tating complication. The established incidence ranges from 0 % to 3.9 % [1]. Patients
commonly present with pain; many show radiographic evidence of loosening. Unlike
management of total knee and hip arthroplasty, management of these infections has
limited description in the literature. Treatment options include: suppressive antibiot-
ics, combined joint debridement and antibiotic therapy, resection arthroplasty, pri-
mary exchange arthroplasty, and two-stage reimplantation [4].

Reports dedicated to infection following shoulder arthroplasty are limited.
Recently, Sperling, et al [2]. reported their results of 32 patients diagnosed with deep
shoulder periprosthetic infections. The highest rates of recurrent infection were seen
in those with debridement and retention of the components (50 %), and in those with
a one-stage revision (50 %). Six patients who underwent prosthesis removal and
debridement with subsequent two-stage reimplantation developed no recurrent
infection. Their conclusion was that a two-stage reimplantation offered the best
chance at a satisfactory outcome.

Mileti et al [3] reported the results of four resection arthroplasties who were reim-
planted at a mean of 7.4 years and reported no recurrent infection. Two patients each
reported satisfactory and unsatisfactory outcomes. Their conclusion was that while
resection arthroplasty yielded a low risk of infection, reimplantation following resec-
tion arthroplasty was especially challenging due to the potential for significant bone
and soft tissue deficits.

Two-stage revision shoulder arthroplasty with the use of an antibiotic spacer has
also been addressed in the literature [4, 5]. Recently, Loebenberg and Zuckerman [6]
described an articulating interval spacer as their treatment both to address the infec-
tion and to maintain satisfactory range of motion until reimplantation. Their patient
suffered limited pain and had excellent range of motion three months after the first
revision.

The purpose of the present article is to describe a technique for an articulating
shoulder hemiarthroplasty with antibiotic impregnated cement for treatment of deep
shoulder infection following arthroplasty and the early results of this treatment regi-
men.
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Indications/Contraindications

Acute and chronic infection of the postoperative shoulder arthroplasty, whether it be
a total shoulder arthroplasty or hemiarthroplasty, are primary indications for
removal of implants with insertion of an antibiotic coated spacer. Included are pri-
mary shoulder sepsis with humeral head involvement and osteomyelitis as an indica-
tion [5].

Preoperative Management

A thorough history and physical examination is obtained in all patients. Preoperative
physical examination including range of motion and wound status are documented.
A thorough neurovascular examination is completed and documented as well. Preop-
erative laboratory studies include a complete blood count, basic metabolic profile, an
erythrocyte sedimentation rate and C-reactive protein.

Under sterile conditions in the office setting, arthrocentesis of the shoulder is per-
formed. The fluid is sent for standard laboratory evaluation including cell count,
Gram stain, and aerobic and anaerobic cultures. If the studies indicate infection is
present, the patient is then admitted to the hospital and prepared for surgery. Antimi-
crobial therapy is delayed until intraoperative cultures and biopsies have been
obtained. Infectious Disease consultation is highly recommended.

Standard radiographs are made in the office. These include: 1. anteroposterior
radiograph in the scapular plane; 2. axillary view; and 3. lateral radiograph of the
scapula. The radiographs are evaluated for any evidence of loosening or lucency. If
the diagnosis is not obvious from the patient presentation, the work-up may require
nuclear medicine studies.

Technique
Patient Positioning

Place the patient in the modified beach chair position with the head of the bed ele-
vated 30-45 degrees after general anesthesia has been administered. The patient
should be positioned to enable hyperextension of the extremity off the side of the
table.

Approach

An extended deltopectoral approach is undertaken, typically through the patient’s
previous skin incision. Care is taken to avoid detachment of the proximal deltoid ori-
gin. If the rotator cuff is intact, then standard take down of the subscapularis tendon
is required. Intraoperative fluid and tissue cultures are taken. A first generation ceph-
alosporin is administered after the intraoperative cultures have been taken.
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Removal of Components

The humeral head is removed per manufacturer protocol. The glenoid, while often
loose secondary to the infection, is then removed with care taken to preserve as much
glenoid bone stock as possible. If the prosthesis was cemented, all remnants are thor-
oughly debrided.

Removal of the humeral component is then completed. Again, secondary to infec-
tion, the component typically is loosened to the point that standard revision/removal
instrumentation is sufficient.

Removal of Humeral Cement

Removal of cement from the humerus is completed with the aid of arthroplasty revi-
sion instrumentation. Ultrasonic cement removal equipment aids in removal of the
distal cement without the need for corticotomy. If needed, a corticotomy is per-
formed to adequately remove all cement from the humeral canal.

Irrigation and Debridement

A thorough irrigation and debridement is then completed with nine liters of pulsatile
lavage. The entire shoulder cavity is explored to ensure no loculated fluid collections
are present. A biopsy of the greater tuberosity is then sent for frozen section to evalu-
ate for the presence of osteomyelitis.

Humeral Stem Preparation and Insertion

The antibiotic cement is prepared by adding one gram of vancomycin powder to Pala-
cos® cement after removing an equivalent amount of cement powder. Utilizing the
smallest humeral stem available (6 mm x 130 mm), the vancomycin impregnated
cement is then mixed and applied to the prosthesis and a humeral head is fashioned.
The humeral canal and glenoid cavity are evaluated to ensure that the antibiotic
coated prosthesis will easily fit into the available space. The cement is allowed to dry
around the prosthesis and the antibiotic coated stem is inserted into the humeral
canal. Retroversion is applied as necessary to maintain reduction of the hemiarthro-
plasty.

The subscapularis is repaired with #5 nonabsorbable monofilament sutures. The
deltopectoral interval is closed with prolene sutures to aid in identification of the
interval at the time of revision surgery. The wound is then closed over a drain and the
arm is placed in a sling and swathe.

Postoperative Management

The patient is maintained in the hospital on intravenous antibiotics until culture
results and sensitivities are finalized. Physical therapy is instituted on the first post-
operative day and includes passive range of motion of the shoulder and active elbow,
wrist and hand exercises. The patient is discharged home when home antibiotic ther-
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apy has been finalized. Patients wear the sling for 3 - 6 weeks postoperatively. Outpa-
tient physical therapy is continued with progression from passive to passive-assist
and finally to active motion.

Home antibiotics are continued for four to six weeks postoperatively at the direc-
tion of the infectious disease consultant. Upon completion of the antibiotic program,
clinical evaluation is undertaken. If the patient is progressing well, the antibiotic
spacer may be left in place and the patient continues with their home rehabilitation
program.

Materials and Methods

Fourteen consecutive patients referred to the shoulder service with deep shoulder
infection following shoulder arthroplasty have been treated with the above protocol
at our institution. Seven patients are men and seven are women. The average duration
of follow-up was 22 months (range 12-40 months). Ten infections involved right
shoulders and four were in the left shoulder.

Results

No patient had evidence of recurrent infection upon repeat irrigation and debride-
ment with exchange of the antibiotic coated hemiarthroplasty. When bone biopsy
and intraoperative cultures were negative at the second procedure, the patient was
then scheduled for definitive reimplantation.

Nine patients (9/14) were converted to standard total shoulder arthroplasty, hemi-
arthroplasty, or reverse ball and socket prostheses. The remaining five patients (5/14)
were satisfied with their functional level with the antibiotic coated hemiarthroplasty
and wanted no further surgery. Their visual analog pain scale decreased from 9 to 2
postoperatively and their ASES score improved from 18 to 72. All repeat cultures and
biopsies were negative for infection.

Complications

Potential complications mirror those associated with primary and revision shoulder
arthroplasty, and include instability, rotator cuff tear, glenoid component loosening,
intraoperative fracture, nerve injury and humeral component loosening [7, 8].

Possible Concerns, Future of the Technique

The cost of the prosthesis is a possible concern. Utilizing a prosthesis is meant to
improve function and range of motion without sacrificing strength of the prosthesis.
Our experience with fracture of isolated cement spacers led us to utilize a small diam-
eter (6 mm X 130 mm) prosthesis as a solid core. Possible alternatives include several
Kirschner wires within a cement spacer to provide some core strength. Antibiotic
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cement prostheses are being commercially manufactured and have been recently
approved by the FDA (InterSpace Shoulder/Spacer-S - Exactech, Gainesville, FL,
USA). The benefit of these prostheses would be a more concentrated elution of the
impregnated antibiotic.

As no osteomyelitis was found on bone biopsy and no infection was present on
repeat biopsy and culture at the time of exchange arthroplasty, we now recommend
only one interval vancomycin coated hemiarthroplasty prior to definitive reimplan-
tation.
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Introduction

Infection is a rare but severe complication in prosthetic surgery of the shoulder. Data
collected from the literature reveals an incidence of about 0.5 % (0-3.95 % range) for
non-cemented prostheses and about 2.9 % (0-15.4 % range) for cemented prostheses
[15]. Due to the low statistical incidence and the low total number of cases, compared
to the more common hip and knee prostheses, this experience is limited to few cases
and few surgeons. We can, however, forecast that these cases, and possibly the inci-
dence, will increase in future as the number of shoulder arthroplasties is increasing
both for arthritis of the glenohumeral joint as well as proximal humeral fractures.

Review of the Literature

In 1996, Ramsey et al. [13] referred to a case treated with a two-stage revision insert-
ing an antibiotic-loaded acrylic cement spacer which was prepared in the operating
room. Two months later a second operation was performed with removal of the
spacer, further debridement and implantation of a new, definitive prosthesis. 29
months after the second operation restoration of function was observed with no sign
of infection. In 1997, Kozak et al. [10] reported 33 patients treated with a shoulder
prosthesis infection. Five out of nine patients were treated with debridement or one-
stage revision, and later required prosthesis removal (“resection arthroplasty”). In
2000, Sperling et al. [19] published data on 2,512 shoulder prostheses implanted at the
Mayo Clinic between 1972 and 1994. Patients with a prosthetic infection were divided
into groups on the basis of the treatment received. Group I (20 patients, 21 shoulders)
were treated with prosthesis removal, soft tissue debridement and resection arthro-
plasty. Six patients had reoccurrence of infection. Group II (6 patients) was treated
with debridement alone without removal of the implant. Three patients were had
reoccurrence of their infections. Group III (2 patients) were treated with removal of
the implant and a one-stage reimplantation. After nine months, one patient had reoc-
currence of the infection and required resection arthroplasty. In Group IV, three
patients were treated with two-stage reimplant. No patient had an infection relapse
after an average follow up of 4.8 years (2.2 - 8.9 % range) with good functional results.
In 2002, Seitz et al. [16] reported their experience with eight cases of infection of pros-
theses treated with two-stage revision. After an average follow up of 4.8 years all
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patients were free from infection and had no pain. The functional evaluation using
the Univ. of Pennsylvania Shoulder Score revealed an average score of 68.4/100 for
subjective evaluations and 63/100 for objective evaluation. In 2004, Ince et al. [7]
referred to their experience with 16 consecutive patients, treated with one-stage revi-
sion and an average follow up of 5.8 years. Four patients were lost to follow up, nine
patients are free from infection and three required further surgery secondary to com-
plications that cannot be contributed to infection. According to Constant-Murley, the
functional evaluation was 33.6/100 while for U.C.L.A. the score was 18.3/35. Pro-
ubasta et al. [12] report a case of sepsis that occurred two years after the implant of a
hemiarthroplasty secondary to four-part fracture. The patient, treated with a two-
stage revision, was satisfied with the pain relief and joint function. The patient
refused further treatment and has the antibiotic spacer in place. After five years, the
clinical and radiological evaluation has not changed. Coste et al [2] reported on a
multi-center study of 2342 shoulder prostheses with 42 patients (49 shoulders)
treated for infection of the prosthesis. In this report, the three patients treated with a
one-stage revision were free of infection and the 10 patients treated with a two-stage
revision, the infection reoccurred in four patients out of ten.

Classification

Sperling et al. [19] classified infections of shoulder prosthesis into acute (< 3 months),
subacute (3 months - 1 year) and late (> 1 year). For hip and knee arthroplasty infec-
tions, Insall et al. have been subdivided in a similar fashion [5, 6, 8]. On the basis the
literature that was reviewed and our personal experience, we agree to classify shoul-
der prosthetic infections into early (<4 months), delayed (4-12 months) and late
(> 12 months).

Bacteriology

Staphylococcus aureus is the most common bacteria causing prosthetic infections of
the shoulder [9, 11, 12, 13, 16, 19], followed by Staphylococcus epidermidis and Propio-
nibacterium bacteria [17]. All the authors report rare cases in which it was impossible
to identify any bacteria, not only in the pre-operation specimens but also in intra-
operation specimens. In order to reduce the impact of false negative results to the
minimum, it is necessary to obtain multiple intra-operation specimens. A useful pre-
caution is to send at least a fragment of the cement to the laboratory, membrane from
cement bone interface, as well as one or two specimens collected from the joint cap-
sule.

Treatment

Possible treatments for an infected shoulder prosthesis are: suppressive antibiotic
therapy, debridement, one-stage or two-stage revision, resection arthroplasty or
amputation.
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Fig. 1. The arrow indi-
cates the purulent
material in the back of
the prosthetic head

Fig. 2. The arrow indi-
cates purulent mate-
rial in the blocking
screw of the prosthetic

head

® Suppressive antibiotic therapy. In the elderly or patients who are at high risk for
surgery, a long-term antibiotic therapy can be applied. This must be directed and
monitored by the infectious disease specialist.

® Debridement. Removing all non-vital tissues with an aggressive removal of all
non-viable tissue and aggressive irrigation of the soft tissue envelope. All the com-
ponents need to be removed to enable an adequate wash-out and then reimplanted
after sterilization in the autoclave or even replaced. Specific sponges of reabsorb-
able material soaked in slow-release antibiotic (Septocoll) can be left in situ.
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® Amputation. This is used in very rare cases of local infection with multiresistant

bacteria and/or in the event of a more seriously compromise of the soft tissue of

the entire extremity.

Arthrodesis. It is technically difficult to arthrodesis a glenohumoral joint after

removal of a prosthesis. Bulk allograft tissue with or without autogenous bone

graft is often required.

® Resection Arthroplasty. The British use the term “resection arthroplasty” to indi-
cate the removal of the prosthesis and an accurate wash-out of the soft tissue and
the bone. From a functional standpoint, the results are poor

® One-stage and two stage revision. This technique provides a rigorous debridement
of soft tissue and an accurate debridement of the bone. The one-stage revision
implant is replaced after the initial irrigation and debridement with antibiotic-
loaded cement. The two-stage revision places the antibiotic-loaded cement spacer,
which is then removed and replaced with a definite prosthesis after a period of
intravenous antibiotics and the laboratory parameters have returned to normal.
The spacer has a two-fold function: it releases antibiotic locally and it keeps the
right tension in the soft tissues, particularly in the deltoid, preventing contractures
of the soft tissue. It also enables the execution of passive range of motion exercises
that keeps some muscle tone as well as promotes the formation of an articular
pseudo-capsule, which is useful during the reconstruction phase. The antibiotic
spacer used to be hand-made in the operating room utilizing a metal core (Kir-
schner, Steinmann, Rush) and coating it with antibiotic-loaded cement and shap-
ing it into a prosthesis (Fig. 3). The cement is pre-loaded with Gentamicin but
additional antibiotics can be included, according to the pre-operation culture test,
provided that it is heat stable. Pre-formed spacers have recently been made avail-
able. These offer the advantage of having a regular shape with a smooth surface
that is less destructive to the remaining joint surface (Fig. 4). If possible, it is advis-
able to have the head 20 %-50 % larger with respect to the removed prosthesis. The
spacer is then fixed with antibiotic-loaded cement around as a collar and intro-
duced at an advanced polymerization stage to facilitate its subsequent removal.
Remaining parts of the rotator cuff can be sutured around the spacer. In rare cases,
the spacer can be used as a final prosthesis (elderly patients or associated patholo-
gies that make subsequent surgery impossible).

Choosing the Definitive Implant

It is generally understood that for shoulder prostheses, soft tissues play a critical
role. The rotator cuff ensures not only the prosthesis’s mobility but more impor-
tantly its stability. Most often, the rotator cuff is seriously damaged or totally absent.
It is therefore not possible to be able to use a “normal” prosthesis for the revision.
The alternatives were to utilize a prosthesis with a large head, a bipolar prosthesis, or
a CTA-modified head prosthetic, as proposed in the past for arthropathy with rotator
cuff deficiency [14]. Reverse ball and socket prostheses (semi-constrained) have
been recently introduced. The reverse prosthesis is theoretically the ideal solution in
these cases to establish stability in the absence of the rotator cuff since only the del-
toid is functional. The use of this prosthesis is, however, advised only for low
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Fig. 3. Intra-opera-
tively made spacer

Fig. 4. Preformed
spacer (Spacer-S -
Tecres Spa, Italy)
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Fig. 5. CTA prosthesis

Fig. 6. Delta prosthesis:
the arrow indicates the
trans-osseous fistula
of the previous pros-
thesis
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demand patients. In our recent experience, we used a CTA prosthesis in the presence
of some rotator cuff remnants and a reverse prosthesis in the absence of the rotator

cuff.

Conclusions

Infections in prosthetic surgery of the shoulder are a rare complication, but they are
very serious if not devastating for its function. The experience is limited as few sur-
geons have much experience. However, the experience gained by infection of the hip
and knee prostheses has enabled the establishment of guidelines for diagnosis, anti-
biotic therapy and surgical treatment which can be generally applied to the shoulder.
Very encouraging results have been reached in early infections (with an aggressive
debridement of the soft tissue), in late infections (with one-stage and two-stage pros-
thesis revision surgery). For delayed infections, cases need to be evaluated individu-
ally on the basis of clinical, diagnostical, laboratory and radiological tests. The debate
on one-stage and two-stage revision is still open. Data from the literature generally
highlight a more reliable control of the infection with two-stage revision, with the
exception of the work published by Coste et al. [2]. Meticulous debridement and han-
dling of the soft tissue with bacterial identification and appropriate use of antibiotics
to eradicate the infection is crucial. Reconstruction with appropriate use of antibiotic
cement is then effective.
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Introduction

Gentamicin-loaded spacers are used in two-stage revision prosthesis to deliver high
local antibiotic concentrations for the treatment of prosthetic infections [6, 18]. The
concentration of antibiotics released largely exceeds the minimum inhibitory and
bactericidal concentration of susceptible bacteria.

With the emergence of resistant bacteria, the addition to bone cement of two anti-
biotics potentially synergistic has became a frequent practice [9]. The antibiotics uti-
lised in spacer preparation should be carefully selected and should respond to ideal
characteristics, such as wide spectrum of activity against the majority of microorgan-
isms, bactericidal activity, good release from cement at inhibitory concentrations for
prolonged periods, low interference with mechanical properties of the cement, high
biocompatibility, low hypersensitivity and adverse drug reactions, capacity and
maintenance of antimicrobial activity at the site of infection. The combination of two
or more antibiotics in PMMA cement should consider the inhibitory [11] or synergis-
tic [12] effects on drug release. In addition, when mixed in combination, antibiotics
should maintain their antimicrobial activity and possibly exerting a synergistic anti-
microbial effect.

The combination of two antibiotics with PMMA may result in modified release
kinetics, or in inactivation of drug or in reduced drug release [11, 16]. Consequently,
the antimicrobial activity of the mixture may result in an unpredictable effect. The
release of vancomycin is modified by the presence of imipenem, and the amount
released depends on type of cement [5].

Vancomycin and an aminoglycoside are often combined for their potential syner-
gistic effect in the treatment of severe infections. Vancomycin is a bactericidal glyco-
peptide antibiotic with a primary spectrum of activity against Gram-positive cocci,
such as Staphylococcus aureus - including methicillin-resistant -, Staphylococcus epi-
dermidis, Enterococcus faecalis, etc.

The elution characteristics of antibiotic-loaded spacers and their antimicrobial
activity in vivo is poorly known. Few data are available for the comparison of spacers
made with a single antibiotic or with antibiotic combinations both in vitro and in vivo
[2,7, 8,10, 14]. In two-stage revision of infected THA, spacers are either hand moul-
ded from bone cement, fabricated in a teflon mould, or preformed.

A new spacer has been studied to respond the demand of surgeons and the increas-
ing infection rate due to gentamicin-resistant pathogens. Preformed industrial spac-
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ers incorporating gentamicin and vancomycin made with high porosity resin which
provides a long-lasting release were tested. This preformed spacer exhibits adequate
properties such as good mechanical resistance and compatibility of drugs in PMMA
cement. The release of antibiotics in vitro from this new spacer is described.

Material and Methods

Spacers prepared with a high porosity PMMA-based resin (HP Cemex, Tecres Spa,
Italy) incorporating gentamicin (1.15 g) and vancomycin (1.15 g) were obtained from
amould under aseptic conditions (sterile chamber). The amount of each antibiotic in
the fully formed device is equivalent to a final concentration of 1.9 % (3.8 % total anti-
biotic). Spacers prepared with the same resin incorporating gentamicin alone (1.15 g)
were studied for comparison.

The tested spacers were sterile (ethylene oxide).

Spacers’ surface area was 122.21 cm?

Elution of Antibiotics

As previously described [3], the spacers were immersed in pyrex tubes with 600 ml of
phosphate buffer (0.2 M, pH = 8.0, phosphate buffer [PB]) at 37 °C for 30 days. The PB
was removed and replaced with the same volume of fresh PB after 24, 48, 72, 240, 480
and 720 hours of immersion. The removed buffer was subdivided into small aliquots
and frozen at -24°C. The PB samples from each prosthesis were analysed in the same
experiment.

Drugs

Gentamicin and vancomycin (powder, EP grade) were utilised for the preparation of
standards. Stock solutions of antibiotic were prepared in PB. Standard concentrations
of antibiotics were processed along with samples.

Antibiotic concentrations in eluted samples and standards were processed in parallel
using two methods, namely, bioassay and fluorescence polarization immunoassay.

Bioassay

Concentrations of gentamicin and vancomycin were determined using the standard
large-plate agar-well diffusion method [4] according to the NCCLS guidelines [15].
Briefly, Bacillus subtilis spore suspension ATCC 6633 (final concentration 0.02 %) in
Isosensitest Agar (Oxoid Unipath Ltd, Basingstoke, England) was used as the test-
microorganism. After overnight incubation at 37°C, the diameters of the inhibition
zones were measured. Antibiotics concentrations were determined in relation to the
diameters of the inhibition zones yielded by a standard series of known concentra-
tions of antibiotics. All samples and standard concentrations were assayed in dupli-
cate or triplicate.

The assay for gentamicin and vancomycin was linear over a range of 0.6 -20.0 mg/L
(R?=0.98). The assay for the combination was linear over a range of 1.25-40.0 mg/l
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(R? = 0.99). The between-day coefficients of variation were 0% and 2.2 % for the
highest and lowest concentrations, respectively, for both drugs alone and in combi-
nation.

Fluorescence Polarisation Immunoassay (FPIA)

Concentrations of gentamicin and vancomycin in the PB samples were also deter-
mined by FPIA (TDx, Abbott). Vancomycin and gentamicin can be measured sepa-
rately by the FPIA method even when used in combination. The method was cali-
brated and applied according to the manufacturer’s recommendations (TDx,
Abbott). The lowest measurable level of drug concentration was 0.27 mg/L for genta-
micin and 2.0 mg/L for vancomycin [1]. All tests were carried out in duplicate.

Results

The release of gentamicin and vancomycin in combination from PMMA spacer is
reported in Figure 1.

Gentamicin and vancomycin are released from spacer in high amounts, 31.2 mg
and 13.1 mg, respectively, in the first 24 hours. This initial peak is followed by a high
and constant release over the next days. The amount of gentamicin released from
spacer is higher than that of vancomycin.

Gentamicin and vancomycin in combination 1:1 are released from spacer in differ-
ent amounts, 63.2 mg and 29.3 mg, respectively, after 30 days of elution. The ratio of
gentamicin to vancomycin in the eluate corresponds to 2:1. The elution of gentamicin
(mg 31.2) in presence of vancomycin is higher than that recorded for the elution of
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Fig. 1. Release (mg) of Gentamicin and Vancomycin in combination (G+V 1:1) and Gentamicin

alone from PMMA hip spacers. Values of antibiotics release from 72 to 720 hours are extrapolated
as mg/day of elution. (FPIA method).
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Table 1. Release of gentamicin (G, 1.9 %) and vancomycin (V, 1.9 %) in combination (1:1) from
HP-PMMA spacer (HP Cemex ®) and gentamicin (1.9 %) alone evaluated with FPIA and micro-
biological method. Results determined after 24, 240 and 720 hours of elution.

Elution Antibiotics Methods
time after FPIA Microbiological

Gentamicin | Vancomycin Total
calculated

(mg) (mg) (mg) (mg)

24 hours G alone 20.4 - 20.4 30.6
G+V 31.2 13.1 44.3 59.3

10 days G alone 40.1 - 40.1 51.1
G+V 46.3 21.9 68.2 92.6

30 days G alone 56.8 - 56.8 68.5
G+V 63.2 29.3 92.5 117.2

Table 2. In vitro activ- V: . a1
. L ancomycin + Gentamicin
ity of gentamicin and

vancomycin in combi- Strain 13(0 MIC (mg/L)
Index

nation against multi- Vanco- Genta-
mycin micin
2.5 R

resistant clinical iso-
lates. Checker-board

method [13]. S. epidermidis (8/28) 1.00 A .

S. haemolyticus (8/28) 1.00 A 1.25 R

* 8. haemolyticus (82/26) 1.00 A 1.25 R

* Oxacilli . S. haemolyticus (70/26) 1.00 A 1.25 R

* Oxacillin Resistant * 8. epidermidis (137/25) 0.50 A 2.5 R

Methicillin Resistant o g porminis (126/26) 1.02 A 1.25 I

? - ﬁ?jﬁg&iate S. aureus (3A10) 0.15 S 0 I
FIC < 0.5 Synereism S S. aureus (9A28) 0.48 S 1.25 1.25

FGo1A dgitivﬁ A E. coli (7A27) 0.25 S 156.25 5

Y P. aeruginosa (4/28) 0.12 S 1250 5

FIC = 2 Antagonism Ant

gentamicin alone (mg 20.2) in the first 24 hours, thereafter the release of gentamicin
shows similar values.

The determination with microbiological method allows to evaluate a good anti-
bacterial activity, represented by higher values in comparison with those determined
by immunoenzymatic method at any time considered (Table 1). The antimicrobial
activity of the combination is higher than expected from the sum of amounts of gen-
tamicin and vancomycin determined separately (59.3 mg versus 44.3 mg calculated
amount by FPIA at 24 hours, respectively).

Gentamicin and vancomycin are released from spacers in bactericidal amounts in
the first ten days of elution, maintaining high bioactivity. In the following period
(20 days) the release (extrapolated as mg/day) corresponds to 1.4-1.6 mg/day after
30 days of elution (Fig. 2). Considering the spacer area, this equals 11.5-13.1 pg
per cm?, an amount which is highly inhibitory against multi-resistant clinical isola-
tes. The antimicrobial activity of the combination is higher than gentamicin alone
(Figure 2 and Table 1). This effect is defined as summatory or synergistic as shown in
Table 2, according to FIC method [13].
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Fig. 2. Release (mg) of Gentamicin and Vancomycin in combination (1:1) and of Gentamicin
alone from PMMA hip spacers. Values of antibiotics release from 72 to 720 hours are extrapolated
as mg/day of elution. (Microbiological method)

Discussion and Conclusions

The release kinetics of the combination show that: i- high initial peak is followed by
sustained constant release of both antibiotics; ii- the release profile of gentamicin and
vancomycin is superimposable; iii- gentamicin release seems enhanced by the pres-
ence of vancomycin.

The antibiotics maintain their bactericidal activity once they have been released
from cement and show synergistic effect in these experimental conditions. Anagnos-
takos et al [2] demonstrated a synergism between vancomycin and gentamicin
against MRSA and S. epidermidis, and autonomy against E. faecalis and S. aureus. The
antimicrobial activity is maintained at the site of infection. Kelm et al [10] showed
that spacers loaded with gentamicin and vancomycin (1g + 4g / 80 g PMMA), can
release both antibiotics in different amount ratio exhibiting an inhibitory activity in
vitro for two weeks after removal. These data seem to confirm the potential efficacy
of such combination in vivo in two-stage revision infection treatment. These results
are in agreement with Anagnostakos et al [2] where the combination vancomycin-
gentamicin (ratio 2:1) shows superior percentage elution of gentamicin compared to
vancomycin and good antimicrobial activity against Gram-positive microorganisms.
In this study vancomycin showed a peak concentration on day 2 of elution. Differ-
ently, the release of both gentamicin and vancomycin from the preformed tested
spacer showed peak concentrations on day 1. Gentamicin confirms very favourable
release characteristics from bone cement.

Further investigations are warranted in order to determine if an optimal ratio of
gentamicin to vancomycin is needed to obtain inhibitory synergistic effect. Moreover,
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the optimal concentrations of both antibiotics in spacer cement should be defined
ranging from 1.25% to 10 % [2, 10, 16, 17]. Compatibility with cement, interference
with polymerization process and mechanical resistance are limitations for the use of
vancomycin at too high concentrations.

The industrial preparation seems to overcome the limitations derived from hand-
made spacers [3, 11, 17] such as the variability depending on hand-made mixture and
preparations. The use of preformed spacers may be advantageous in terms of stan-
dardization of the device characteristics, mechanical resistance, uniform antibiotic-
cement mixing and reproducible antibiotic release.

In conclusion, the new preformed spacer loaded with gentamicin and vancomycin
exhibits in vitro favourable properties and release characteristics similar to those
described for PMMA cements. The combination shows inhibitory activity against
microorganisms responsible for prosthetic infections.
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Introduction

Osteomyelitis is a severe complication of both fracture osteosynthesis and joint
replacement surgery [2, 5, 30, 33]. While healthy bone is very resistant to infections,
and bacteria alone will not necessarily cause osteomyelitis, other factors such as
vascular stasis, soft tissue injuries, fracture instability and the presence of foreign
materials are important pathogenetic factors [9]. Fracture instability, caused by
inappropriate repair techniques or by implant failure, allows ongoing interfrag-
mentary motion which impairs vascularization and promotes bone necrosis [9].
Fixation devices and prostheses may assist the bacterial colonization, because bac-
teria produce a mucoid polysaccharide biofilm which binds them to bone and
metallic implants and protects them from host defences such as phagocytes and
antibodies [2, 9]. Postoperative osteomyelitis is ususally treated by removal of the
infected implanted device, surgical debridement of the implant bed and reimplanta-
tion of a new device [5, 25]. Antibiotic therapy is also necessary for a successful
treatment [5, 25].

Since osteomylelitis is predominantly a local problem, various studies have sug-
gested also that the local application of antimicrobials clearly provides higher local
antibiotic concentrations than those achieved with intravenous application and addi-
tionally avoids toxicity due to high plasma levels [14, 15, 24, 32]. In one-stage revision
surgery antibiotic-loaded bone cements are generally used for the fixation of the new
prosthesis and to provide a high local tissue concentration of antibiotics [4, 6, 12, 28,
29]. In two-stage revisions, the insertion of the new implant is postponed until the
infection is treated with systemic antibiotics and/or local antibiotic-loaded beads as
well as temporary spacers made of bone cements (poly-methylmethacrylate, PMMA)
and antibiotics [1, 10, 11, 16, 17, 19, 21, 27, 29, 34, 35, 37, 38]. The use of a temporary
antibiotic-loaded spacer avoids above all periarticular soft tissue shortening, keeps a
correct limb positioning and sterilizing the infected areas without the risk of recur-
rent infections [6, 12, 22, 28, 35]. However, some problems still exist with the use of
antibiotic-loaded bone beads/cements or spacers such as bone loss, generation of
cement debris, inadequate dosing of cement with the appropriate antibiotic and bio-
logic failure [13]. Despite the presence of antibiotic, they can be colonized with bacte-
ria, allow persistence of the microorganism in the wound similarly to any foreign
body, and can lead to a decreased function of immune cells and local immuno sup-
pression [25, 26].

41
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Aminoglycosides such as gentamicin are considered the most effective antibiotics
to be used in combination with PMMA because of their high solubility, heat stability
and bactericidal activity at low concentration. However, the increase in antibiotic-
resistant bacteria with a prevalence of methicillin-resistant or gentamicin-resistant
Staphylococcus aureus, has led surgeons to load cements and cement spacers with
other antibiotics such as vancomycin and teicoplanin or antimicrobial peptides [3, 4,
14, 15,21-24, 27, 30, 31, 34]. Vancomycin presents chemical characteristics similar to
those of gentamicin, but it is considered the drug of choice in infections caused by
methicillin-resistant staphylococci (MRSA) and S. epidermidis. Various researchers
showed in vitro the excellent properties of the combination of gentamicin and vanco-
mycin in PMMA as concerns synergistic antimicrobial activity against Escherichia
coli and Enterococcus faecalis [3, 4], enterococci [20] and variable against S.aureus
according to strains [18].

The aim of the present study was to investigate in vivo the efficacy of a new genta-
micin-vancomycin impregnated cement nail for posttraumatic and postoperative
intramedullary infections. An animal model of intramedullary bone infection was
used to evaluate the capacity of such nail to reduce bacterial load and restore bone
stock compared to bone debridement and systemic antibiotic therapy [3, 4, 27].

Materials and Methods

The study was performed in accordance with the European and Italian Law on animal
experimentation. The animal research protocol was approved by the Ethical Commit-
tee of the “Istituti Ortopedici Rizzoli” and by the responsible public authorities as
required by the Italian Law in accordance with EU regulations.

Twenty adult male New Zealand rabbits (Charles River SpA, Calco - Lecco, Italy),
b.w. 3.15 £ 0.30 kg, were obtained 10 days prior to surgery to acclimatize, caged in
individual cages and fed with standard pellet diet (Piccioni Settimo Milanese, Milano,
Italia) and water ad libitum. General anaesthesia was induced by i.m. injection of 44
mg/kg ketamine (Ketavet 100, Intervet Productions Srl, Aprilia-Latina, Italy) and 3
mg/kg xylazine (Rompun, Bayer SpA, Milano, Italy) under assisted ventilation with
0,/N,0 (1/0.4 l/min) mixture and 2.5 % isofluorane (Forane, Abbott SpA, Campoverde
di Aprilia-Latina, Italy). Postoperatively the functional activity of animals was not lim-
ited and they received only standard postoperative pain medication for three days
(0.2 mg/kg meloxicam s.c., Metacam, Boehringer Ingelheim Italia SpA, Milano, Italy).

Intramedullary bone infection of the right femur was induced via inoculation of
methicillin-resistant S. aureus (MRSA), by a modification of Rodeheaver at al. femo-
ral models [2]. The MRSA strain used in this study was originally isolated from a
patient suffering from chronic osteomyelitis and maintained in culture for several
years. The antimicrobial susceptibility of this MRSA isolate was determined using an
antibiotic 2-fold method performed in tubes containing Mueller Hinton Broth (MHB)
[36] before using the strain to induce the experimental osteomyelitis in rabbits. The
isolate used in this study was resistant, in vitro, to 3-lactam antibiotics, erythromycin,
tetracycline, quinolones and trimethoprim-sulfamethoxazole. The susceptibility to
clindamycin, aminoglycosides, glycopeptides and rifampin was conserved. Bacteria
were grown overnight in MHB starting from a frozen batch and aliquots were pre-
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pared. The number of viable CFU in each aliquot was determined by serial dilution
and plating on horse blood agar. The number of colonies in each plate was counted by
a blinded operator and the bacterial concentration was determined and adjusted to
5% 10%/ml of MHB and stored frozen at -80°C until inoculated into the rabbit.

Nails 4-mm in diameter and 50-mm in length with an inner core of 1.31-mm in
diameter stainless steel wire (AISI316), each weighing 1.21 g (0.52 g inner core) were
prepared from the polymerized PMMA cement (Cemex®, Tecres SpA, Sommacam-
pagna-Verona, Italy) with PP molds 1.9 % of gentamicin (powder, USP grade, Shangai
Fourth, China) and 1.9 % of vancomycin (powder, USP grade, Abbott Lab, Latina,
Italy) were mixed with powder of PMMA (polymer) and liquid MMA (monomer)
under laminar flow with a ratio 2 : 1 between powder and liquid. Each antibiotic-
loaded PMMA nails contained a combination of 13 mg of active gentamicin and 13
mg of active vancomycin. Stainless steel (AISI316) nails of 4-mm in diameter and 50-
mm in length were also prepared by turning lathe, cleaned in in Ethyl Alcohol 70 %
and rinsed in distilled water. Both type of nails were sterilized with ethylene oxide.

The right knee area was shaven and washed with iodine solution. By using sterile
conditions, the knee joint was opened via a parapatellar incision and exposed in flexion.
Anterior to the insertion of the anterior cruciate ligament on femur, a small stab incision
was made in the intercondylar region, and subsequently a 1-mm drill hole was made by
means of a hand-held drill. Then, a 18-gauge needle was inserted into the femoral
medullar cavity, the local bone marrow was suctioned and flushed with saline lavage.
Subsequently, 0.2 ml (total load of 10% CFU) of MRSA was injected into the medullar cav-
ity through the same needle. Finally, the defect created in the intercondylar region was
filled with a small block of bone wax (Knochenwachs, B|Braun, Aesculap AG & CO.KG,
Tuttlingen, Germany), and the joint capsule and skin wound sutured in layers.

Four weeks later, the animals underwent an X-ray of the operated femur and were
treated according to one of four regimens. Five rabbits (Group 1) were treated with
bone debridement and received an intramedullary stainless steel nail. Five rabbits
(Group 2) were treated with bone debridement and received a gentamicin-vancomy-
cin (1.9 %-1.9% w/w) loaded PMMA intramedullary nail. Five rabbits (Group 3)
were left untreated for the duration of the study. The last five rabbits (Group 4) had
only 1 week of intramuscular teicoplanine (Targosid 200 mg/3 ml, Aventis, Lainate-
Milano, Italy) administration at a dose of 20 mg/kg twice daily [23, 30].

By using the previous surgical approach an access to the femoral medullar cavity
was gained by using progressive diameter drills until 3.5 mm in groups 1 an 2, under
general anaesthesia as described above. Before performing the debridement, a
dacron swab was inserted for 3 cm into the femoral medullar cavity to verify the
MRSA load. The femoral cavity was then debrided with a stainless steel reamer of 4-
mm in diameter in order to remove as much infected and necrotic tissue as possible.
Then, the intramedullary nail was inserted in the femoral cavity and the joint capsule
and skin wound sutured in layers.

One ml of MHB was added to each swab and the tube was agitated for 3 minutes on
a vortex to suspend the bacteria collected onto the swab. A serial ten-fold dilution of
each suspension was used to evaluate the bacterial load: 10 pl of each dilution was
plated onto horse blood agar and the plates were incubated at 37°C for 48 hours. At
the end of the incubation period the number of MRSA colonies on each plate was
counted and the total viable CFU load was determined.
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At the experimental time of 7 weeks from inoculation, the animals were pharma-
cologically euthanized under general anaesthesia by an IV injection of a solution 1
ml/kg consisting of 200 mg N-[2-(m-methoxyphenyl)-2-ethyl-buthyl-(1)]-gamma-
hydroxybutyramide, 50 mg 4,4’-methylene-bis(cyclohexyltrimethyl-ammoniumio-
dide) and 5 mg tetracaine hydrochloride (Tanax, Hoechst Roussel Vet, Milan, Italy).
The right femur of each rabbit was explanted, cleaned of soft tissue by using sterile
conditions, and placed in a sterile 50 ml Falcon tube for taking radiography with a
small cabinet X-ray device (Faxitron® Cabinet X-ray System Model 43855A, Faxitron
X-ray Corporation, Wheeling-IL,USA).

The radiographic signs of osteomyelitic bone changes were assessed on the basis of
evidence (0 = absence; 1 = presence) of (a) periosteal elevation, (b) osteolysis; (c) pres-
ence of sequestra; (d) joint effusion; and (e) soft tissue swelling [32] Animals were con-
sidered to have radiological osteomyelitis when the severity score was 2 or more.

Then, the femurs were removed from the Falcon tube and always in sterile condi-
tions the midshaft of each femur was cut with a bone saw. Only the distal part of the
femurs were used for microbiologic and histological investigations: (a) the femoral
canal sampling was repeated immediately after the removal of the intramedullary nail
and the swab was processed as above reported in order to evaluate the response to the
treatment; and (b) the remnant parts of the proximal femurs were fixed in 4 % para-
formaldehyde and processed for histology.

The bone segments used for histology were dehydrated in alcohol series, and
embedded in polymethylmethacrylate. Undecalcified transversal sections of femoral
midshafts and longitudinal sections of distal epiphyses of 60 um in thickness were
yielded by means of the Leica SP 1600 diamond saw microtome cutting system (Leica
SpA, Milano, Italy). Then, the sections were stained with Toluidine Blue and Acid
Fuchsin and observed to an optic microscope (BX41, Olympus Optical Co. Europa
GmbH, Germany). The disease severity score described by Smeltzer et al. was used to
rate sign of infection [33]. This score is divided into four categories that are scored
with 0 to 4 points: intraosseous acute inflammation, intraosseous chronic inflamma-
tion, periosteal inflammation and bone necrosis. The diagnosis of osteomyelitis was
considered positive when the Smeltzer score was at least 4. The maximum score of 16
signifies severe osteomyelitis with intramedullary abscesses, fibrosis, and multiple
foci of sequestra.

Results

All animals tolerated both operations well, displaying no signs of systemic infection,
soft tissue swelling or fistulae. A rabbit of Group 1 was euthanized at the end of the
second surgery for the fracture of treated femur.

The radiological score at 4 and 7 weeks after osteomyelitis induction are plotted in
Figure 1. The severity score for the Group 3 increased from weeks 4 to 7, while it
decreased significantly for Group 2 (50 %, p <0.001) and Group 4 (24 %, p <0.01). At
7 weeks, the lowest radiographic score was achieved by Group 2 which significantly
differed from the other groups (p <0.01).

Figure 2 reports the results of the bacterial load of swab specimens. The highest
bacterial load in femoral canal at the sacrifice (10° CFU/ml) was found in Group 1
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Fig. 3. Representative photomicrographs of longitudinal sections of the femoral midshaft at a
magnification of 10 X (the left side of each picture shows the periosteal region): (a) a stainless
steel intramedullary nail treated specimen (Group 1); (b) a gentamicin-vancomycin loaded
PMMA intramedullary nail treated specimen (Group 2)

which resulted significant different with Group 2 and Group 4 (p <0.05). No signifi-
cant differences were observed between Group 3 and Group 4 (Fig. 2).

Figure 3 illustrates that disease severity varied considerable between animals and
this variation is reflected in the disease severity scores reported in Figure 4. Group 2
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Fig. 3¢c. An untreated control specimen (Group 3); (d) a teicoplanine treated specimen (Group 4).
The presence of bone necrosis with signs of bone resorption are still present in all groups, except
for the Group 2 (*). A new bone formation towards the nail is visible in the medullary cavity of
specimen of Group 2 (NB). Arrows indicate the important periosteal inflammation observed in
Group 3.

10
9
8

5 1 I Fig. 4. Histopathologic
results as scored using
the score of Smeltzer
et al. (Mean = SEM,
n=5). Mann Whitney

Smeltzer score (0-16)

2 T
U test: %, Group 2
! versus other groups
0 (*,p <0.01).
Group 1 Group 2 Group 3 Group 4

significantly (p <0.01) presented a reduction of the disease severity score compared
to the other groups. A histological score 4 or more points was seen in all rabbits of
Group 1, Group 3 and Group 4, and none in Group 2.

Conclusions

Antibiotic-loaded PMMA cements are considered as a safe method of delivering and
antibiotic to the infection site, with a high initial release of drug followed by an elu-
tion that progressively diminishes over a period ranging from few weeks to several
months. The gentamicin-vancomycin loaded PMMA nails used in this study have
proved previously in vitro to maintain the antimicrobial activity with a synergistic
effect [3, 4]. It has been showed that the gentamicin elution is not affected by the pres-
ence of vancomycin, while the elution of vancomycin from PMMA is reduced of 50 %
by the presence of gentamicin, even if it is enough to exert good antimicrobial activity
at the infection site for prolonged periods [4]. The microbiological and histological
results of the current experimental study confirmed the potentially microbiological
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efficacy of gentamicin-vancomycin combination in treating local osteomyelitis
caused by MRSA, when compared to surgical débridment and to systemic antibiotic
therapy.
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Introduction

Open fractures continue to be common, with a high risk of complications such as
osteomyelitis and septic nonunion [17].

Current treatment of open fracture dictates the use of the methods that reduce risk
of infection (urgent or emergent treatment, removal of all foreign materials, sharp
debridement of devascularized host tissue etc), post-traumatic bone infection is still
a common and serious problem [19].

Despite the use of new antibiotics and advances in surgical technique and soft tis-
sue coverage procedures, the treatment of osteomyelitis is unsuccessful approxi-
mately in one of every five case [6].

Bone damage and bone loss suffered in the initial trauma, fibrotic soft tissue in the
area of infection, and tenuous skin coverage, all contribute to the difficulty in clearing
infection [4]. Generally, these are areas of poor vascular perfusion, which limits pene-
tration of systemically administered antibiotics [17].

Once microorganism attach to bone, the bacteria become metabolically less active
and cover themselves with biofilm, rendering them unresponsive to usual therapeutic
antibiotic levels. To achieve pharmacologic kill of bacteria in a biofilm, antibiotic
concentration must be from 10 to 100 times higher then the usual bactericidal con-
centration, which cannot be achieved by safe dose of parenteral antibiotics [5, 7, 16].

The use of a local antibiotic delivery system obtains a high local concentration of
antibiotics and simultaneously minimizes their systemic toxicity. The most compre-
hensive information regarding drug delivery system in orthopaedic surgery is derived
from the information provided by studies of antibiotic-loaded bone cement [11].

The historic use of antibiotic bone cement starts in the 1970s with the pioneering
work of Buchholz and Engelbrecht [2] in which they established the principle of using
antibiotic bone cement in the treatment of infected total joint replacement. In this
study, a success rate of 77 % was obtained using cement removal, debridement, and
replacement of implant with antibiotic-laden bone cement: it is important to note that
the patients were not treated with systemic antibiotics. The success rate rose to 90 %
using an association of systemic antibiotics [2].

Six years later, Marks [9] et al made the first confirmatory laboratory studies on
the release of microbiologically active form from the various bone cements.

In 1977, Elson et al showed that if depot PMMA antibiotics are introduced next to
the cortical bone, dense cortical bone is penetrated and the concentration in the bone
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is much higher than that can be achieved safely by systemic administration, revealing
that antibiotic concentration surrounding the antibiotic-laden implant was many
times greater than what could be achieved by safe intravenous administration [4]. In
1981, the same conclusion was reported by Hoff at al using penicillin G and gentami-
cin [8].

At the same time, a new way of local antibiotic delivery system was studied in the
form of beads: size, number and pattern of elution from beads were collected in ani-
mal and clinical studies [1, 3, 12].

A multicenter randomized controlled study attempted to compare systemic antibi-
otic therapy to local therapy with Septopal beads in the treatment of osteomyelitis: no
difference were reported in the recurrence rate in the Septopal group compared with
the systemic antibiotic group [1].

A randomized controlled trial by Calhoun et al [3] compared 4 weeks of intrave-
nous antibiotics with Septopal beads in 52 patients with infected non-union having
debridement and reconstructive surgery. Patients in the antibiotic bead group also
received perioperative systemic antibiotic therapy (2 to 5 days). The success rate for
treating the infection was 83 % in the systemic antibiotic group and 89 % in the anti-
biotic bead group: local antibiotic therapy can be a useful alternative substitute
instead of long-term systemic antibiotic therapy in treating infected non-unions.

Patzakis et al [12] compared Septopal beads (supplemented with as much as 5 days
of systemic antibiotic) to systemic antibiotic therapy in 33 patients with chronic oste-
omyelitis and bone defects. The infection control rate was 100 % in the Septopal
group and 95% in the systemic antibiotic group. Bony union was achieved in all
patients.

Nowadays, there are few reports about the use of spacer blocks in the treatment of
post-traumatic infections [14]. We report the use of antibiotic-loaded spacers in post-
traumatic bone infection in selected cases.

Materials and Method

Our series included 4 patients, 3 male and 1 female, with an average age of 37 years
(range: 3044 years) (Table 1, 2). One septic non-union of distal tibia, 1 chronic oste-
omyelitis of distal tibia (Fig. 1), 1 septic non-union of ankle arthrodesis, 1 chronic
osteomyelitis of femoral diaphysis were treated. The patients had undergone an aver-
age of 6 (range: 3 - 12) operations before being referred to our institution. All patients
had a history of infection of more than 6 months, clinical signs of infection (purulent
drainage from fistulas), radiographic findings consistent with infection (lytic lesion,
bone resorption, bone sequesters, sclerosis, soft tissue swelling) and positive bone
bacterial culture. The initial fracture were classified using the Gustilo classification:
3 cases had a Gustilo 3A fracture and 1 case had a Gustilo 3B fracture.

All patients had a draining sinus tract without soft tissue defects at the time of sur-
gery. We obtained in all patients bone bacterial cultures from the draining sinus.

Our treatment was performed in two stages: the first was to treat the infected bone
and the second to realize the bony consolidation. After an initial thorough soft tissue
debridement, we resected the infected bone until a free margin of bleeding bone was
observed. The bony defect was filled with gentamicin-impregnated cement spacer.
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Table 2. Procedures and follow-up

Case Bone Bone Union Duration of oral Return to pre-
defect  transport (from the antibiotic ther- trauma activity
time last surgery) apy (from the level (from the
last surgery) last surgery)
1 7 cm 6 months 11 months 7 months 15 months
2 3 cm - 6 months 6 months -
(failure)
Amputation
3 cm - 11 months 5 months 16 months
4 5cm 9 months 8 months 5 months 11 months

Fig. 1. Case 1: Chronic
osteomyelitis at the
time of the first sur-
gery (a, b)

We use Cemex® Genta (Tecres Spa, Sommacampagna VR, Italy), a gentamicin-
impregnated bone cement, equivalent to 1 g gentamicin base in 40 g unit. We shaped
the cement into a cylindrical spacer sufficient to fill the entire bone defect, with an
attempt to make a seal with the bone surface.

The bone segment was then fixed with a monoaxial external fixator. Deep swab
cultures were taken and then parenteral antibiotic were administred until patients
was dismissed (mean 6 days: range 5 to 8 days). At the moment of discharge the
patient was given high dose oral antibiotics continued for 8 weeks.
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Fig. 1c. Intra-operative
details: before debride-
ment (c) and just be-
fore antibiotic-loaded
spacer implant (d)

We performed the second surgical procedure after completion of the antibiotics con-
sisting of cement spacer removal. In two cases (cases 1 and 4) we utilized an autolo-
gous bone grafting form iliac crest to promote direct bone healing without bone
transport. In the other two cases, we utilized an antegrade bone transport. At the end
of lengthening we performed a surgical procedure to stimulate the union of the dock-
ing site using autologous cancellous bone grafting from iliac crest. In all cases no
external fixation exchange was performed at the time of second surgery. In all case we
used Osteogenic Protein-1 (OP-1-Osigraft®, Stryker Biotech, Limerik, Ireland) at the
time of bone grafting to enhance bony union. CRP and ESR laboratory values every
two weeks were repeated for two months and then monthly until 6 months from bone
healing, to determine if there was a significant change. Patients continued oral antibi-
otic therapy for a minimal of 6 weeks and then discontinued if no clinical and radio-
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Fig. 1d. Post-operative X-ray control after antibiotic-loaded spacer implant (e). Post-operative
control eight weeks later, at the time of the second surgery: we have performed cement removal,
fibulectomy, high tibial osteotomy to begin the bone transport (f). Radiological control 6 months
from the second surgery: at this time we have performed the third surgical step consisting in
treating docking site using autograft with iliac crest cancellous bone and Osigraft implant (g)

logical signs of infection were present, CRP less than 5 mg/L, and ESR less than 20
mm/h after a minimal period of three months.

Results

At the time of the initial surgery, cultures taken from the sinus tract and deep swab
were positive in all patients and revealed the presence of Staphylococcus aureus
(cases 1, 2 and 4) and Enterococcus faecalis (case 3). All patients received antibiotic
therapy pre-operatively and post-operatively for 8 weeks.

In all patients white blood cell count (WBC) count, C-reactive protein (CRP),
erythrocyte sedimentation rates (ESR), clinical and surgical site signs of infection did
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Fig. 42.1. (cont.) Radiologi-
cal union at 12 months after
grafting of docking site (h, i)

not reveal active infection at the time of second surgery (8 weeks after first opera-
tion).

Two of the patients have consented for bone transport and the other two patients
rejected this option. In the last two cases, we performed fixation using a mono-axial
external fixation and autologous bone grafting from iliac crest.

In the former two cases, we began antegrade bone transport using mono-axial rail
external fixator to restore 7 cm of bone defect in case 1, and 5 cm in case 4. At the and
of lengthening (case 1: 6 months; case 2: 9 months) we added autogenous bone graft
to facilitate fusion at docking site.

At the time of bone grafting, in all patients we used two units of Osigraft® to
enhance bony union.

Patients have continued oral antibiotic therapy for a mean period of 5.7 months
(range: 5-7) after the last surgical procedure.

In cases 1 (Fig. 1), 3 and 4 the external fixators were removed after respectively 9,
6 and 6 months after bone grafting. Case 1 and 3 required a supplementary weight
bearing casting for two months after external fixator removal. Union was achieved at
a mean period of 10 months (range 8-11).

Case 1, 3 and 4 returned to their prefracture activity level and no patients had any
sign of recurrence of the osteomyelitis after 2 year follow-up.
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Case 4 required amputation for a recurrence of the osteomyelitis at sixth months
after the cement spacer was removed.

Discussion

Post-traumatic infection continues to be a formidable challenge for the clinician [1].

Septic non-union and post-traumatic osteomyelitis are very difficult to treat, espe-
cially when they are complicated by significant bone and soft tissue defects [18].

Meticulous debridement is the hallmark of treatment. Well established colonies of
bacteria may be impossible to eliminate in any other way [17] Antibiotics eradicate
any bacteria that are not removed from debridement. However there are microbio-
logical factor that contribute to treatment failure [17]. One of these is that bacteria
that are attached to surface of metallic fixation devices or dead bone and become
resistant to the action of antibiotic by covering themselves with biofilm [5, 7, 11, 16].

High doses of antibiotic is necessary to achieve a pharmacologic kill of bacteria in
a biofilm [5, 7, 11, 16]. Another factor is that antibiotic in systemic circulation pene-
trate healthy tissue in effective concentration and this concentration should reach the
bacteria in normal tissue. If bacteria are isolated in avascular bone it may no be possi-
ble for systemic antibiotics to achieve critical local concentration. Therefore systemic
antibiotic treatment of sessile bacterial infection is not possible by using a safe doses
(5, 7, 16].

Local antibiotic delivery seems to be a useful and safe component in the armamen-
tarium of the physician, by maximizing the local concentration of antibiotic while
minimizing their systemic toxicity [19].

From the pioneering work of Buchholz and Engelbrecht [2] investigators have
studied the properties of PMMA as delivery vehicle. Elution, pharmacokinetic prop-
erties and tissue penetration have been evaluated. The most common antimicrobial
agents have been successfully incorporated into PMMA cement and nowadays on the
basis of bacterial culture we can select the appropriate antibiotic to be administered
[11].

Whereas a lot of literature have been released on the use of antibiotic spacers in the
treatment of infected arthroplasty and antibiotic impregnated beads in the treatment
of osteomyelitis, infected non-union and osteomyelitis, few reports on the use of a
block spacer in the treatment of septic non-unions and osteomyelitis are available.

Our experience with use of antibiotic therapy with spacer in based on the observa-
tion of very difficult removal of the beads [13]. In addition, antibiotic-impregnated
spacers fill the dead space that results after debridement and facilitate subsequent
reconstruction.

Controversies regarding local antibiotic therapy include the length of implanta-
tion [19].

Although these concerns have not been shown to translate into clinical problem,
beads removal within 4 to 6 weeks has been recommended because the beads pro-
gressively get enclosed in fibrous tissue or even incorporated in to the callus, result-
ing in reduced elution, and complicated or incomplete removal [13]. We prefer to wait
8 weeks between cement spacer implantation and removal to obtain a complete soft
tissue healing.
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Conclusion

The safety of local antibiotic therapy has been well documented in clinical studies
[19]. PMMA is the standard material used as delivery vehicle for depot antibiotics in
orthopaedic surgery [19].

In our experience cement spacer is easily placed, easily removed, patient friendly
and inexpensive and we prefer it over beads.

Drawbacks associated with the use of PMMA delivery system is the necessity of
secondary debridement, lack of osteoconductivity, and foreign body reaction.
PMMA also appears to be surface friendly to biofilm-forming bacteria [10].

Bioabsorbable delivery vehicles seem to be a promising alternative and are cur-
rently being investigated [18]. Collagen sponge, calcium sulphate, morcelized bone
and PLA-PGA have considerably potential for successful development to clinically
usable products [10]. A biodegradable vehicle would eliminate the need for a second-
ary procedure to remove the PMMA and not only obliterate the dead space but aid in
bone healing as well.

Until appropriate data is available, clinical use of these materials as delivery vehi-
cles for antibiotic must be approached with caution [10, 19].

Even with extensive historic, clinical and outcome data that proves the effective-
ness of antibiotic-laden cement, the ideal drug delivery system is neither agreed upon
or available at this time, but the use of antibiotic-loaded spacers in post-traumatic
bone infection seems to be a useful and safe component in the armamentarium of the
physician.
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Introduction

Significant advances in chemotherapy, radiography, and surgical techniques over the
past two decades have made limb salvage surgery procedure of choice for most malig-
nant tumours of the extremities. Massive segmental skeletal reconstruction after
resection of bone tumours has become increasingly popular [24]. Endoprosthetic
replacement and massive bone allograft transplantation following bone tumour
resection are common [15]. However, complications are frequent, resulting in reoper-
ation and, at times, even amputation. The relatively high frequency of complications
is not unexpected, given the length and nature of the surgical procedures and the high
demand placed on the implants [27]. Infection is the major cause of early failure and
the most challenging for both surgeon and patient [5, 18, 24]. In literature the infec-
tion rate with endoprosthesis or massive bone allograft is between 2.9 and 30 % of
cases [18, 21].

The pathophysiology and clinical implications of infection associated with allo-
graft and endoprosthesis are similar [24]. The most common cause of an early infec-
tion is skin necrosis. Other causes of deep infection include intraoperative contami-
nation and haematogenous infection. The endoprosthesis and bone allograft are a
large foreign body capable of harbouring bacterial and fungal infections. The clinical
signs and symptoms of a deep infection are highly variable, haematological parame-
ters likewise may not be helpful and radiographic signs are frequently delayed. Osteo-
sarcoma and Ewing sarcoma are the most frequent primary bone tumours and the
most commonly affected site is around the knee [4, 25]. After the resection of bone
tumours, prosthesis or bone allograft is usually implanted. Infection rates are highest
in the tibia and pelvic reconstructions (Fig. 1). Clearly, the extensive surgery involved
with resection of malignant neoplasm as well as the adjuvant use of chemotherapy
and radiation therapy contribute to higher incidence of all complications, including
infection, following limb salvage surgery [15, 24].

The risk factors include diabetes, obesity, pathologic fracture, operating time,
blood loss, adjuvant chemotherapy, type of reconstruction, postoperative complica-
tions as haematoma and thrombophlebitis [15]. In more than 50 % of cases infection
develops immediately or within three months after surgery; in the remaining cases it
is evident after a mean of ten months. Infection is usually clinical evidence with
draining sinus, fever, local warmth, swelling and inflammation, and wound slough.
Laboratory tests can show alteration of the ESR, C-reactive protein, WBC, fibrinogen



378

Novel Applications and Perspectives

Fig. 1a, b. Antero-posterior radiographs showing a massive bone allograft and prosthesis for
pelvic reconstruction b antibiotic-PMMA spacer after resection of the massive bone allograft

and gamma proteins. The commonest organisms are coagulase-negative Staphylococ-
cus, Staphylococcus aureus and Group-D Streptococci; sometimes there is a bacteria
association and in rare case the colture samples could prove sterile [6, 15].

Once a diagnosis of delayed (> 3 months) infection is made, there are four
options. The first is to perform an initial debridement followed by chronic antibiotic
treatment, but often the result in cure is unlikely. The second option is a one stage
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Fig. 2a, b. Antero-pos-
terior radiographs
show a allograft com-
posite prosthesis after
resection of right
proximal femur b
antibiotic-impreg-
nated cement around
the prosthesis

procedure with antibiotic impregnated cement around the prosthesis (Fig. 2) and sys-
temic antibiotic treatment. The third option, associated with better success in long-
term control, is initial debridement and removal of the implant, which is replaced
with an antibiotic-impregnated polymethylmethacrylate (PMMA) “spacer”, and a
long-term (6 weeks) systemic treatment with intravenous antibiotics. Repeated
debridement is recommended, and cultures are followed sequentially. Once sterile, a
prosthesis may be implanted with antibiotic cement and additional postoperative
antibiotics (Fig. 3). This option obviously requires a great deal of time, operative pro-
cedures, hospitalization, and disability, but is associated with ultimate salvage of
extremity in about one half of cases [24, 27]. The final option is to proceed with an
amputation, which is curative of the infection and is indicated particularly for
patients requiring additional cytotoxic chemotherapy or for patients with a second
prosthetic infection.
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Fig. 3a. Latero-lateral radiograph showing an allograft composite prosthesis implanted for recon-
struction of the proximal tibia. Antero-posterior radiographs show b antibiotic-impregnated
cement spacer in place ¢ reimplantation of HMRS cemented-modular system

Discussion

Local antibiotic therapy using chains of gentamicin PMMA beads is an established
technique in septic bone surgery [1, 11]. Buchholz et al. [2, 3] reported the efficacy of
antibiotic-loaded bone cement in the management of infected total hip arthroplasties
and this is confirmed in further pharmacokinetic studies by Wahlig et al. [28]. They
reported local levels of antibiotic 200 times higher than those achieved by systemic
administration.

Walenkamp et al. [29] showed that the serum and the urine concentrations of gen-
tamicin after the implantation of gentamicin PMMA beads were much lower than
those after systemic use. The clinical efficacy of this method has been validated in
post-traumatic, postoperative and haematogenous osteomyelitis and in infected con-
ventional total hip and knee arthroplasty [8, 9, 22].

Since 1981 we have been using gentamicin-PMMA beads in infected reconstruc-
tions after resection of bone tumours. Rotation of muscle flaps [7, 12, 19] can be used
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to heal the infection with or without removal of the prosthesis. When the prosthetic
component is to be removed, however, a two-stage procedure has to be considered [23].
Since 1992 we have used antibiotic-impregnated acrylic cement as a block spacer. This
technique has proved to be successful in infected conventional knee and hip prostheses
[10, 13, 14], preserving length and space for later reinsertion of an implant.

Use of systemic antibiotics and surgery are the best therapy. The only satisfactory
operation is a revision with antibiotic cement and debridement. Two different regi-
mes of treatment are employed both of which entailed debridement and the use of
cement impregnated with antibiotic. It is possible to use gentamicin-PMMA beads or
antibiotic-impregnated cement spacer, but better results are achieved with the use of
second procedure in terms of cases healed, the number of operations, time of healing,
time of recovery and the functional score. The use of vancomycin in the cement
spacer gave better local control [6].

The surgery consists in resection of allograft or prosthesis, placement of an antibi-
otic-impregnated polymethylmethacrylate (PMMA) spacer (Fig. 4), and intravenous
antibiotics for at least five days during the perioperative period. As much cement is
used as is necessary to fill the whole space left by the retrieved implant. Usually the
cement is reinforced by a Kuntscher nail. Vancomycin is the antibiotic of choice
mixed with cement in quantities varying between 3 and 9 g per cement pack, but cefa-
mandole (2 g) or gentamicin (3 g) can also be used. Koo et al. [16] recommend using
the combination of these 3 antibiotics in the cement spacer for 2-stage reconstruction
in infected arthroplasty when the causative organism is not identified in the coulture
of preoperative aspiration.

Fig. 4a, b. Antero-posterior radiographs showing a massive bone allograft for reconstruction of
the right proximal humerus b antibiotic-impregnated PMMA spacer in place
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Fig. 4¢, d. Antero-pos-
terior radiographs
showing c intercalary
massive bone allograft
after resection of dia-
phisyal left femur d
antibiotic-impreg-
nated PMMA spacer

After a mean interval of 10 months and between two and seven operative procedures,
the infection is eradicated in the majority of the cases. Sometimes amputation is nec-
essary because of persistent clinical signs of infection in the presence of the spacer. In
the patients treated with postoperative chemotherapy the only notable feature is a
higher rate of amputation [6].

There are significant correlation between successful eradication of the infection
and infecting organism, duration of antibiotic treatment with effective bactericidal
serum levels, and surgical management with particular regard to soft tissue coverage
[20, 24]. Attempts at a one-stage procedure have resulted in a rate of reinfection of up
to 30 % [14, 17, 22, 26].
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Conclusion

Infection is a serious complication after segmental resection for bone tumours. The
treatment of deep infection after limb salvage surgery remains controversial. In early
infection several methods can achieve success in 50 % to 70 % of the cases, while for
the remainder or in late infection, the removal of the implant and a high local concen-
tration of antibiotic are needed. Revision with antibiotic-impregnated cement is the
only reliable method for limb salvage following deep infection. Although deep infec-
tion after resection for bone tumours continues to result in a high rate of failure, this
method of management results in successful limb salvage in more of the half of the
patients [6, 15, 24]. Considering the complexity of patients with malignant disease,
this method of attempted limb salvage in the presence of deep infection appears war-
ranted. The combination of antibiotics and an improved cement is advisable for a bet-
ter elution and higher and faster concentration of local antibiotics. Reliable and
reproducible laboratory and image-based tests are needed to diagnose more accu-
rately the early onset of the infection and to monitor the outcome. The total implant
resection, microbiology, and correct antibiotic are crucial factors to obtain possible
good outcome. Prevention is the key to reducing the incidence of this serious compli-
cation [15].
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Historical Overview

Since ancient times, physicians and healers have been aware of the anti-infective and
anti-spoilage properties of certain substances. Egyptian embalmers used resins,
naphtha and liquid pitch, along with vegetable oils and spices. Persian laws instructed
people to store drinking water in bright copper vessels. The ancient Greeks and
Romans recognized the antiseptic properties of wine, oil, and vinegar. The use of
wine and vinegar in the dressing of wounds dates back to the Greek physician Hippo-
crates (460-357 BC). Human use of honey is traced to some 8000 years ago as
depicted by stone age paintings. Different traditional systems of medicine have elabo-
rated the role of honey as medicinal product. Sumerian clay tablets (6200 BC), Egyp-
tian papyri (1900-1250 BC): Vedas (5000 years); holy Koran, Bible and Hippocratic
methods (460-357 BC) have described the uses of honey. Camphor is said to have
been first used as a drug in the Arabian Peninsula around AD 600, and, eventually
came to be used as a sacred panacea in Greece and Egypt. Balsam, an antiseptic of
both southeast Asia and Peru, was introduced to Europe in medieval times and
remained in use through the 1800s.

The first concept of antisepsis was introduced by Genevieve Charlotte d’Arconville
who introduced the use of chloride of mercury as an antiseptic in 1766. After Bernard
Courtois (1777 - 1838) discovered iodine in 1811, it became a popular antiseptic treat-
ment for wounds. None of these antiseptics, however, was sufficient to prevent the
almost certain infection of wounds, particularly following surgery. The introduction
of anesthesia in 1846 made the problem worse. It permitted more complicated and
lengthy surgical operations, greatly increasing the likelihood of infection.

Another deadly form of infection was puerperal (occurring at the time of child-
birth) fever, a streptococcus infection of the uterus that struck women who had just
given birth.

Until the relationship between bacteria and disease was discovered by Louis Pas-
teur (1822-1895), doctors paid little attention to surgical cleanliness.

English surgeon Joseph Lister (1827 -1912) applied this new knowledge of bacteria
to develop a successful system of antiseptic surgery. Lister studied wound healing with
the use of a microscope. After reading Pasteur’s work, Lister concluded that microor-
ganisms in the air caused the infection of wounds. He sprayed a wound and surround-
ing areas with carbolic acid to destroy infectious organisms and also protected the area
from new invasion by bacteria by using multiple-layer dressings (1965).
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A final obstacle to surgical antisepsis were the human hands. Although surgical
instruments and dressings can be sterilized, surgeons’ and nurses” hands can only be
washed with antiseptics. An American doctor, William Halsted, solved this problem
in 1890. There, he pioneered the use of rubber gloves in surgery to protect his head
nurse from the antiseptic that was irritating her hands. Today sterile gloves are
required during all surgical procedures.

The generalization of antiseptic procedures allowed in the fist decades of the 20
century to face with fewer problems amputations and generally surgical interven-
tions, today classified as “clean”, whereas general surgery was still at high-risk of
post-operative infection. The discovery of antibiotics by Sir Alexander Fleming
(1928) changed the course of medicine.

In particular in the orthopaedic field the combined medical and surgical treat-
ment increased enormously the possibility to provide a solution to bone and joint
infection.

Local and Systemic Antibiotic Therapy

Today antibiotic therapy plays an essential role in any kind of surgery and has allowed
the reduction of post-operative infection enormously. In particular the orthopaedic
field has seen a great development of the local antibiotic therapy as adjunct to sys-
temic antibiotic therapy.

The addition of antibiotics to bone cement, used for the fixation of joint prosthesis
has been shown to have a positive effect on the reduction of deep infection following
surgery [12].

In the last decades research has been done towards the possibility of finding the
“perfect” carrier for the local release of antibiotics, both for prophylaxis and treat-
ment.

This is because systemic antibiotic therapy has limits:

1. poor bone penetration is reported for many antibiotics [10, 21, 32, 33];

2. side effects can be as high as 22 % related to antibiotic suppression [31];

3. eventually “the race for the surface” of bacteria described by Gristina in 1983
[17] cannot be stopped.

Self-defending implants with anti-adhesive surfaces and local antibiotic release (anti-
bacterial coating) may be a tool to reduce as much as possible this terrible complica-
tion [4, 9].

Local antibiotic therapy has been shown to be effective: animal and clinical studies
have shown that high effective local concentration may be achieved and maintained
over a prolonged period [6, 38]. Data from the Norwegian register have shown that
the the combination of systemic and local antibiotic therapy (antibiotic-loaded bone
cement) is effective in reducing prosthetic deep infection [12].

Nonetheless local antibiotic therapy as well has its own limits:

1. it cannot cure alone bone infections and it must be associated to a) an accurate
and radical debridement; b) general antibiotic therapy; c) the filling of bone
defect and dead spaces; d) soft tissue covering; e) vascular support.
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2. the slow release and concentrations below the MIC may determine the selection of
resistant strains and the selection of small colony variants [18, 28, 36, 37].

Local Antibiotic Delivery Today

In the application of a local antibiotic therapy variuos aspects should be considered:
a) delivery technique; b) type of antibiotic that can be used; c) pharmacokinetics;
d) possibility of application to a coating and to fillers; e) possibility of combination
with osteoconductive and osteoinductive factors; f) use as prophylaxis and/or ther-
apy; g) drawbacks (Table 1).

Today local antibiotic therapy can be performed with:

. antibiotic-loaded PMMA in the form of cement, beads and spacers;
. local infusion (micropumps);

. bone grafts;

. collagen;

. calcium sulphate and carbonate;

6. demineralized bone matrix

U W N =

PMMA is used for the fixation of primary and revision prosthesis, in one-stage proce-
dures [7, 33] and in two-stage infection treatment in the form of spacers [11, 43].
PMMA beads can be used in the treatment of osteomyelitis [39]. Many different anti-
biotics can be admixed to PMMA. Antibiotics must be thermally stable and water sol-
uble, with bactericidal effect at the tissue levels attained; furthermore, it must be
released gradually over an appropriate time period, evoke minimal local inflamma-
tory or allergic reaction. Finally, the antibiotic must not significantly compromise
mechanical integrity, especially if the cement is used for implant fixation [19].

Infusion micropumps are used in the treatment of osteomyelitis. The device can be
internally or externally portable [24, 27]. Unfortunately the clinical efficacy of these
device has still to be confirmed.

Collagen sponges (gentamicin) have been used in a clinical setting since 1986 [5].
No clinical long-term follow-up studies have been published. They are used in pri-
mary and revision surgery.

Bone grafts are an interesting tool, with limited availability, which show a fast
release are used in primary and revision surgery, in osteomyelitis and in clean sur-
gery [8, 29, 41, 42].

Calcium sulphate and carbonate might be used in revision surgery and osteomye-
litis. In a goat model four treatment groups were evaluated: no treatment, hand-made
tobramycin-impregnated PMMA beads, commercially-available tobramycin-impreg-
nated calcium sulphate pellets and commercially-available tobramycin-impregnated
PMMA beads. Three weeks after intraosseous inoculation with streptomycin-resis-
tant Staphylococcus aureus tissue cultures showed no evidence of infection in any of
the antibiotic-treated groups. All of the cultures were positive in the untreated group.
These results show that effective local antibiotic delivery can be obtained with both
commercially-available products and with hand-made PMMA beads. The calcium
sulphate pellets have the advantage of being bioabsorbable, thereby obviating the
need for a second procedure to remove them [40].
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Fig. 1. Nail Clothing preparation: once all the metamers have been placed, a gentamicin PMMA
glue is used to fix the metamers to the nail

Fig. 2. Nail Clothing insertion in the femur

Demineralized bone matrix might be used in revision surgery and osteomyelitis. The
combination of tricalcium phospate (Calcibon®) and bone demineralized matrix
(Targobone®) has been used for the treatment of bone defects after debridement of
bone infection (Fig. 3). The preliminary results after 1-year of follow-up have shown
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Fig. 3a, b. Chronic
osteomyelitis of the
tibia. Pre-operative
X-rays

Fig. 3c. Filling of the
bone defect with Cal-
cium phospate (Cal-
cibon®) and bone
demineralized matrix
(Targobone®)

the absence of infection recurrence or draining in all the 16 patients: Radiographic
findings showed at the latest available follow-up new bone formation, but incomplete
bone substitutes resorption (Figures 4-5) [30].
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Fig. 4a, b. X-rays
showing the 3 months
follow-up

Fig. 5a, b. X-rays
showing the 15
months follow-up

Local Antibiotic Therapy in the Future

The future of local antibiotic therapy is directed towards the use of:

. PLLA and other polymers;
. hydrossyapatite (HA);
PMMA coating;

. covalent binding;

. silver and new peptides.

I RN =

—

. Polylactic acids and other polymers are used in some hardware materials (screws,
etc.), suture wires and coating of metallic hardware. Such material has been shown
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to be able to deliver incorporated antibiotics (gentamicin and teicoplanin ) for pro-
longed time (96 hours) and could offer new perspectives in preventing biomate-
rial-associated infections. Combinations with other drugs to formulate custom-
tailored surfaces are also feasible [16]. A study in rabbits has shown that PLLA
loaded with antibiotic and used as a coating to osteosynthesis material has the
capacity to reduce the infection rate [20].

Polylactide-polyglycolide antibiotic implants might provide an absorbable sys-
tem for localized antibiotic delivery: in vitro studies have shown promising results
of antibiotic elution from bioresorbable microspheres and beads; animal studies
have shown that induced osteomyelitis can be treated [14] therefore human trials
should be planned to assess the efficacy of such devices.

. Hydroxyapatite is used for the coating of metallic hardware. Various antibiotics

(cephalotin, carbenicillin, amoxicilin, cefamandol, tobramycin, gentamicin and
vancomycin) have been incorporated and the release and antibiotic efficacy have
been positively tested and might be used to prevent post-surgical infections and to
promote bone bonding of orthopaedic devices [34] Animal studies have shown
that gentamicin-hydroxiapatite coating are able to reduce the infection rate [3]

. PMMA coating is another alternative (intramedulary nail, IM): animal studies

have shown the effectiveness of such procedure for the eradication of infection
[15]. The clinical application of such devices, extemporaneously made in the OR
[25] or preformed (Nail Clothing, Figures 1-2) is promising. In particular pre-
formed PMMA coating offers the possibility to maintain a mechanical function,
while providing a high local release of antibiotics for a prolonged period. More-
over such a system may be applied to all types of cylindrical IM nail.

. Vancomycin covalent binding is a new route being studied: it has been shown that

vancomycin covalently bound to a metal (titanium) surface has effective bacteri-
cidal activity [26]. This technology holds great promise for the manufacturing of
“smart” implants that can be self protective against peri-prosthetic infection, or
can be used for the treatment of periprosthetic infections when they occur.

. Silver has known antiseptic properties [22]. Recently nano-silver particulate bone

cement was shown to have antibacterial properties (high effectiveness against
multi-resistant bacteria, MRSE and MRSA) and free from cytoxicity effect [1, 2].
Should the reults be confirmed in vivo, NanoSilver might have an interest in joint
arthroplasty.

. Peptides: some peptides have been shown to have antibacterial properties compa-

rable to some antibiotics. In particular in an animal study hLF1 - 11 (human lacto-
ferrin 1) incorporated into Ca-P bone cement has been shown to be effective in the
treatment of osteomyelitis, an effectiveness comparable to that of gentamicin.
Therefore, the results of this study warrant further preclinical investigations into
the possibilities of using hLF1-11 for the treatment of osteomyelitis [13].
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Conclusion

The new local antibiotic technologies should therefore be focused on effectiveness,
proper pharmacokinetics, antibiotic resistant strains, effects on osteointegration and
callus formation.

The ideal local antibiotic therapy should provide:

Antibiotic choice based on antibiogram

High local antibiotic concentrations

Programmable and complete release

Ostoconductive and/or osteoinductive carrier completely resorbable
No interference with osteointegration

Act as a filler when needed
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