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 Despite numerous technical improvements in total joint replacement in recent 
years, an evolution in our understanding of implant biomechanics, and greater 
clarity on patient, theatre, and surgical optimisation, we have not seen a 
reduction in periprosthetic joint infection (PJI) or improvements in manage-
ment commensurate with those seen in other fi elds. In an era of expanding 
knowledge, dramatic innovation and great change, our knowledge in the fi eld 
of periprosthetic infection has yet to translate into a reduced incidence and 
prevalence or into improved outcomes; this has therefore become an area of 
great need for the orthopaedic community. 

 The number of presentations and publications related to PJI has increased 
dramatically, showing not only the increased interest of orthopaedic surgeons 
but also a genuine multidisciplinary scientifi c effort geared to addressing this 
ever-expanding problem. This increased interest is also noticeable in the 
growing number of specifi c infection courses and meetings, the growth of 
orthopaedic infection societies, and the increased commercial interest of 
implant suppliers the world over. Current key research strategies and devel-
opments focus on prevention, enhanced diagnostics, host stratifi cation and 
optimisation, biofi lm eradiation, implant modifi cations including coatings, 
and optimised treatment algorithms. 

 PJI has been recurrently shown to be a huge economic burden for patients, 
hospitals, and healthcare systems in many countries. Strategic information on 
infection incidence and prevalence is needed. Registry data and data from 
multi-institutional studies are currently limited in their validity and generalis-
ability – a huge push will be needed worldwide in order for us all to speak the 
same language, agree on defi nitions, and compare management strategies. 
Only then will we be able to truly interpret regional, hospital, and surgeon- 
level data. It is therefore vital that all orthopaedic surgeons engage in this 
battle that is highly relevant to them, their patients and their institutions, and 
have a clear understanding of current recommendations supported by pub-
lished literature. 

 This comprehensive book should provide an overview scripted by experts 
in the fi eld of the current status of PJI, summarising current perspectives and 
potential variations in practice. We have not restricted the remit to surgery but 
have attempted to cover the entire patient journey and to involve the entire 
multidisciplinary team that is necessary for successful care. In the past, PJI 
management had an institutional “historic tradition” or a paradigm based on 
a surgeon’s specifi c “eminence”. A lack of evidence for many important but 
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open questions such as “duration and timing of i.v. antibiotics” or “timing of 
re-implantation” are topics of ongoing debate. We hope that within these 
chapters, successful options, based on the best available evidence and prac-
tice, can be offered for even the most diffi cult infection case. This book can 
be considered one of the keystones for the next stage of evidence gathering 
that is undoubtedly necessary. 

 Finally, we should never forget that there are patients suffering at the heart 
of this problem and that the functional outcomes of successful PJI manage-
ment, although superfi cially promising with up to 90 % published “success” 
in infection control, do not meet the aspirations of patients and surgeons rela-
tive to our other interventions. In PJI, “even the winners are losers!” and by 
reading this book, and joining us on this journey, we will hopefully effect 
change in this area.  

    Berlin ,  Germany      Daniel     Kendoff   
    Cardiff ,  UK      Rhidian     Morgan-Jones   
    London ,  UK      Fares     S.     Haddad       
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      Incidence and Socioeconomic 
Impact of Bone and Joint 
Infections (BJIs): The European 
Perspective                     

     Konstantinos     N.     Malizos       
and     Klaus     Kirketerp-Møller     

    Abstract  

  Epidemiologic studies demonstrate that population fragmented ageing and 
increased urbanisation, and motorisation across the globe increase the 
prevalence of trauma and age-related musculoskeletal conditions, such as 
fragility fractures and arthritis. The number of primary and revision arthro-
plasties has increased steadily in the last 20 years and so does the number 
of fractures treated with implantation of hardware. These numbers are 
anticipated to further escalate over the next two decades. The prevalence 
of deep infection following joint replacements and the number of post-
traumatic infections is projected to increase at a faster rate as a result of a 
tendency to operate more on high-risk patients, at greater ages, with diabe-
tes, other comorbidities and immunosuppression. This is further increas-
ing the severity of septic complications and other adverse outcomes, which 
can often lead to functional impairment, long-lasting disability, or even 
permanent handicap with an inevitable social and economic burden. 
Musculoskeletal infections place an additional cost burden on total health- 
care expenditures, which are already rising faster than the gross domestic 
product in most countries, and may also become life-threatening condi-
tions. The scientifi c community needs to take a more active role to increase 
awareness and in collaboration with policy makers and funding organisa-
tions, collect valid data, construct an action plan and put the scourge of the 
bone and joint infections higher in the agenda of health care priorities.  
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      Introduction 

 Trauma and disorders of the bone and the joints 
infl uence health & quality of life of many mil-
lions of people around the globe with enormous 
costs on the individual, the society and healthcare 
systems. It is the social and demographic pres-
sures from population ageing, and the effect of 
massive urbanisation on trauma, alongside with 
the effects of environmental factors that are driv-
ing up an increased demand for new advanced 
medical applications. This is imposing unprece-
dented challenges and cost escalation on the 
health care systems. The technological and scien-
tifi c advances in health care delivery have been 
the main drivers for the rising costs. Up to 50 % 
of the increase in health care spending in market- 
oriented economies in the last half century is aris-
ing from medical technology. Remarkable 
medical innovations now allow for the treatment 
of previously untreatable conditions, also increas-
ing medical costs. All these parameters with a 
signifi cant socio-economic impact are proceed-
ing beyond any control [ 1 ,  2 ]. 

 Over the last 40 years the health care costs in 
most industrialised countries have been rising at a 
1–2 % faster pace than that of the GDP [ 3 ]. 
Trauma, fragility fractures and arthritis, also called 
“civilisation” diseases, are the most common of 
the musculoskeletal problems [ 4 ]. The current 
practice of orthopaedic surgery is largely relying 
on a variety of implants, for the management of 
trauma, degenerative diseases of the skeleton and 
deformity correction [ 5 ]. Upon implantation the 
altered local blood supply, together with impair-
ment of the local tissue defence, may facilitate the 
adhesion of pathogens on their surface. 
Microorganisms evading local defense mecha-
nisms start colonising the surface of the implant, 
soon leading to a clinically important infection by 
biofi lm formation. The exo- polysaccharides form 

a matrix enclosing the bacteria, thus protecting 
them from phagocytosis, the activity of antibodies, 
and exposure to antibiotics. The attraction of 
excited polymorphonuclear cells (PMNs) and 
macrophages leads to release of proteases and the 
direct lysis of the adjacent bone. Cytokines 
released from the excited PMNs induce the forma-
tion of osteoclasts, further eroding the bone adja-
cent to biofi lm, leading subsequently to implant 
loosening [ 6 ,  7 ]. 

 The management of biofi lm infections is very 
demanding, with surgical interventions exerting 
a severe direct personal burden on patients, 
including pain and suffering, and an economic 
impact that stems from the need for more opera-
tions, long hospital stays, expensive medical and 
surgical care and rehabilitation, on top of addi-
tional indirect costs for the health care system. 
With the expanding use of implants for fracture 
care, arthritis, correction of spinal disorders and 
deformities, the impact on individuals, together 
with the social and economic burden, became 
devastating. 

 The specifi c characteristics and the burden 
from bone and joint infections, though recog-
nised, remain under-appreciated. However, in 
every process towards solving any type of prob-
lem, the fi rst step is to spot and identify it [ 8 ,  9 ]. 
With the long-lasting recession in the economies 
of many industrialised countries, the health care 
budgets are facing reductions, followed by strict 
regulatory interventions to contain the costs at all 
stages and levels of care. Recently, there has been 
a rise in awareness of the cost of musculoskeletal 
infections among physicians and the public, yet 
not among policy makers and research-funding 
agencies. This must be credited to the efforts of 
the scientifi c “societies” and “associations” of 
orthopaedists, infectiologists and microbiolo-
gists, although they have not acted in a coordi-
nated line yet.  
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    Current Health Care Policies 
and BJIs 

 Between 2000 and 2009, the total health care 
expenditures in the countries of the Organisation 
of Economic Cooperation and Development 
(OECD) have been growing steadily by 4 % 
annually, compared to only 1.6 % of GDP growth 
in the same period, leaving a steadily increasing 
defi cit in an ever-accentuating recession [ 10 ]. 
This has forced the payers and governmental 
agencies to put health care costs under scrutiny, 
fi xated on determining the “true value” of health 
outcomes achieved for the money spent. Every 
attempt to reduce the costs needs to focus on 
value and not on volume. The health care bene-
fi ts, however, are mostly subjective and the true 
cost of care within the fragmented system is 
largely “hidden.” Economists and politicians are 
trying to redefi ne health care through value-based 
competition on results. Value measurement will 
increasingly infl uence clinical decision-making, 
payment, and public policy, but it necessitates 
much more comprehensive and objective assess-
ment of the outcome and cost from all aspects at 
the patient level. The health benefi ts accrued to 
patients for the money spent across the contin-
uum for the full cycle of care must be measured 
for every patient, also from his/her perspective, 
with validated disease-specifi c patient-reported 
outcome measures (PROMS) and health-related 
quality of life measures. Following such an 
approach could reveal not only the true value of 
care but also the burden of adverse events and 
unwanted outcomes [ 11 ,  12 ].  

    Fiscal Challenges and Cost 
Assessment 

 Orthopaedic surgery today provides a “health 
care of true value,” but unlike other specialties, 
orthopaedics lags in using commonly accepted 
defi nitions and measures of patient outcomes, 
agreement on indications for interventions and 
broadly accepted measures for the quality of this 
care. Understanding the true value of orthopaedic 
care delivered, and capturing the costs is a 

 pressing issue but in a fragmented healthcare 
delivery system collecting and aggregating the 
patient- reported outcome data is very diffi cult, 
and these efforts can be elusive. An additional 
challenge in calculating “value” is the broad vari-
ability in costs confi guration together with the 
lack of reliable cost information. It is diffi cult for 
anyone, including consumers, to obtain accurate 
pricing information for orthopaedic health care 
services thus limiting our ability to measure and 
report fi nancial measures [ 9 – 12 ]. 

 The providers do not usually disclose the costs 
associated with the provision of musculoskeletal 
services, and fee schedules are often considered 
proprietary. Contributing factors include provi-
sions imposed by device manufacturers, lack of 
transparency in hospital billing practices, and 
large variation in the difference between hospital 
charges and actual payments made by insurance 
companies, needless to mention the broad variety 
in payment policies among the EU country- 
members’ healthcare systems [ 8 ]. Collaboration 
not only with orthopaedists but also with other 
physicians, and administrators at different levels, 
is essential in order that widespread outcome 
assessment and transparent cost accounting be 
made. 

 The daily routine in orthopaedics is to care for 
an abundance of patients in limited number of 
beds, under pressure for fast treatment. In an age-
ing population we are expanding the indications 
for implants and invasive procedures on immuno-
suppressed patients, within an “environment of 
pathogens” transported from hospital to hospital, 
in addition to the emergence and spread of resis-
tant germs due to antibiotic overuse in people, the 
livestock and in aquacultures. As a result, we are 
watching a rise in the infections that is refl ected 
on increasing morbidity and mortality rates. In 
the EU, with more than 2,000,000 hospital- 
acquired infections (HAI) in a year, 15 % more 
costly than the community-acquired ones, it is 
estimated that for 175,000 of the affected patients 
these complications are lethal [ 10 ]. In the UK, 
37,000 people die from sepsis every year [ 13 ]. 
The most vulnerable for HAIs are the newborns, 
patients with indwelling prosthetic devices, and 
those with bone and joint implants. 
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 According to several reports, about one-third 
of the HAIs are surgical site infections (SSIs), an 
unacceptably high rate [ 13 ]. Internationally, the 
frequency of SSI is diffi cult to monitor because 
the criteria for diagnosis might not be stan-
dardised. A survey sponsored by the World 
Health Organisation demonstrated a prevalence 
of nosocomial infections ranging from 3 to 21 %, 
with wound infections accounting for 5–34 % of 
the total [ 14 ]. The 2002 survey report by the 
Nosocomial Infection National Surveillance 
Service (NINSS), which covers the period 
between October 1997 and September 2001, 
indicates that the incidence of hospital-acquired 
infection related to surgical wounds in the United 
Kingdom is as high as 10 % and costs the coun-
try’s National Health Service approximately one 
billion pounds annually [ 14 ]. Collated data on the 
incidence of wound infections probably underes-
timate the true incidence because most wound 
infections occur when the patient is discharged, 
and these infections may be treated in the com-
munity without hospital notifi cation [ 14 ]. SSIs 
are associated not only with increased morbidity 
but also with substantial mortality. Seventy-seven 
percent of the deaths of surgical patients were 
related to surgical wound infection [ 14 ]. Kirkland 
et al. calculated a relative risk of death of 2.2 
attributable to SSIs, in comparison with matched 
surgical patients without infection. SSIs also are 
associated with a signifi cant increase in attribut-
able post-surgical costs, even after adjusting for 
patient-, surgery-, and facility-level factors. If 
hospitals at the highest percentage, i.e., 10 % 
(worst), could reduced their SSI rates to those 
hospitals at 50 %, the Veteran’s Administration 
hospitals in the US would save approximately $ 
6.7 million/year [ 15 – 17 ].  

    The Burden from the Bone and Joint 
Infections 

 More than one-third of the SSIs are bone and joint 
infections [ 18 ]. The increasing numbers of bone 
and joint infections disable a large number of 
patients every year worldwide, having a devastat-
ing impact on their personal life, on their families 

and the health care system as they impose a 
greater demand for additional surgeries, long hos-
pital stays, poor outcomes, chronic disability and 
even death! Their true incidence remains unknown 
and due to lack of good epidemiological data, 
their contribution to the global burden of disease 
is largely unrecognised. 

 An epidemiological study of 12,506 culture 
positive infections from hospitalised patients 
found that 23 % suffered from osteomyelitis or 
septic arthritis, 26 % from SSIs, and 7 % from 
prosthetic joint infections. The 27 % of those 
were health care – associated infections, 80 % 
were complicated with higher mortality, longer 
hospital stay and much higher direct costs [ 18 ]. 
The increased survival after multi-trauma has 
been linked to an increased rate of post-traumatic 
osteomyelitis [ 19 ,  20 ]. With an estimated number 
of more than 7,000,000 fractures annually in the 
EU countries, mostly affecting the young in their 
productive life years, osteomyelitis as a post- 
traumatic complication may often induce irre-
versible damage with lifelong disability. Most 
vulnerable are trauma patients with comorbidi-
ties, the elderly, and the hosts B and C, imposing 
an additional burden, thus increased direct 
expenses, in addition to the productivity loss and 
the much higher indirect costs. However, accu-
rate data about the socio-economic impact of 
osteomyelitis are poor due to the diffi culties in 
establishing an acceptable study model as it var-
ies in types, severity, treatment options and reha-
bilitation needs. A postoperative infection after 
hip fracture requiring a revision surgery, costs 
twice as much as the primary operation, three 
times more than investigation and four times 
more than hospitalisation in the ward. In addi-
tion, to reduce the probability of a life- threatening 
condition, or even death, stemming from sys-
temic sepsis in a debilitated host, a disarticulation 
may be necessary, further increasing the burden 
dramatically [ 21 ,  22 ]. 

 The improved life expectancy among elderly 
patients with diabetes mellitus is responsible for 
more neuropathy, vascular insuffi ciency and the 
associated local bone and soft tissue complica-
tions. Diagnosis and treatment of osteomyelitis 
improved signifi cantly over the last decades, 
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however, the diabetes mellitus-related infections 
and the infections of the axial or appendicular 
skeleton remain as devastating complications, 
often requiring complex multidisciplinary care 
with mixed outcomes. Sixty per cent of the 
diabetes- related osteomyelitis cases result in 
amputation compared to 6 % in hematogenous 
infections and 24 % in contiguous infections, 
mostly affecting the toes, and the tarsal and meta-
tarsal bones. The osteomyelitis incidence rates in 
the last 40 years remained relatively stable among 
children, but almost tripled among the elderly, 
mostly driven by a secular increase in diabetes- 
related cases. During the same period the overall 
risk of death in a patient population affected by 
osteomyelitis was increased at least 2.5-fold. 
According to a recent randomised controlled trial 
funded by the French Ministry of Health, in 
patients aged 18 years or older with microbio-
logically confi rmed pyogenic vertebral osteomy-
elitis, Louis Bernard et al. demonstrated that 
duration of 6 weeks of antibiotic treatment is 
non-inferior to 12 weeks, with respect to the pro-
portion of patients cured at 1 year, which sug-
gests that the standard antibiotic treatment 
duration for patients with this disease could be 
reduced to 6 weeks saving costs and burden to the 
patients [ 23 – 25 ]. 

 Foot ulcers in diabetes is one of the most fre-
quently neglected complications, requiring 
repeated surgery and usually a long duration for 
wound healing and not uncommonly an amputa-
tion incurring permanent handicap. These prob-
lems are commonly encountered in disabled, 
poorly complying patients, frequently facing 
fi nancial hardships or unemployment. They often 
receive poor non-specialised treatment with dis-
appointing outcome but still at high costs. With 
increasing numbers of patients suffering from 
diabetes this problem is escalating, while at the 
same time the diabetic foot clinics are not health 
care priorities in many public health facilities or 
they are facing the consequences of the austerity 
policies and reductions of the health care budgets 
[ 25 – 28 ]. 

 SSI after spine surgery is a well-known com-
plication that can result in poor outcomes, 
arthrodesis-site nonunion and neurological 

injury. It has been directly related to a BMI >35 
hypertension, thoracic versus cervical, lumbo- 
sacral versus cervical, but the strongest risk fac-
tor for SSI of the Spine after adjusting for 
co-morbidities, age, and other known risk factors 
is a surgical invasiveness index (SII) more than 
21 (p = 0.01). The SII is a validated instrument 
that accounts for the number of vertebral levels 
decompressed, extent of arthrodesis, or instru-
mentation, as well as the surgical approach 
employed [ 29 ]. 

 In the fi eld of paediatric orthopaedics, in the 
last decade, pyogenic arthritis follows a trend 
towards decreased health care utilisation. In a 
study with a large cohort of patients in a 12-year 
period (1988–2000), the length of hospital stay 
decreased signifi cantly from 10 days in 1988 to 5 
days in 2000, although the total charges remained 
unchanged [ 30 ]. 

 Necrotizing soft tissue infections (NF) are 
rare, however, with high mortality rates varying 
form 7 to 43 %, and even higher when they affect 
the trunk. They need multidisciplinary manage-
ment by surgeons, infectiologists, ICU and 
hyperbaric oxygen unit specialists. These devas-
tating and potentially lethal infections impose 
high direct in-patient costs and even higher post- 
discharge costs on the survivors, as they need 
long rehabilitation periods and coverage of the 
long-term or permanent disability. Age greater or 
equal to 44 years was the most powerful predic-
tor of prolonged LOS, elevated TC, and an 
increased risk of hospital mortality in patients 
suffering from NF [ 31 ]. The fi nancial burden of 
NF might be signifi cantly reduced by diagnosing 
the disease in its earliest stages. Clues to the pres-
ence of early NF can be gleaned from epidemio-
logical risk factors, associated comorbidities, 
physical signs and symptoms, and/or specifi c 
laboratory markers [ 32 ]. Early aggressive medi-
cal and surgical management of NF is predicted 
to reduce the number of bed days and surgical 
procedures required to control the spread of 
infection [ 32 ], which would translate into reduced 
cost. An investment on the part of health-care 
facilities and providers to develop and institute 
guidelines or clinical care pathways for the evalu-
ation and management of patients presenting 
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with acute skin and soft-tissue complaints might 
help achieve this goal. 

 In oncological patients with mega-prosthesis, 
large series with long follow up report an infec-
tion rate of up to 10 %. They are commonly 
offered to patients with large bone and soft tissue 
defects, they need long operative time, and they 
are applied in patients already immunocompro-
mised both from the disease itself and the treat-
ment. Malnutrition, frequent red blood cell and 
PLT transfusions, neutropenia from the 
 post- operative chemotherapy and bacteraemia 
from indwelling central venous catheters are 
major contributors to the high infection rates 
after implantation of mega-prosthesis. However, 
lack of accurate data plagues the fi eld. Mega- 
prosthesis infection is the bane of limb preserva-
tion, but it has not attracted major focus of 
research for infection prevention [ 33 ,  34 ]. 

 Arthritis of various types is one of the world’s 
largest health care problems related to the age, 
and to trauma, but also to rheumatic and other 
systemic immune diseases. Their management 
involves high medical care costs, and at the stage 
of joint degeneration it leads to disability and 
early retirement. The long-lasting treatment and 
the lost working time of patients and their escort-
ing carers exert an immense Socio-economic 
impact still unrecognised. Major joint degenera-
tion not only markedly reduces health-related 
quality of life but also generates extensive costs 
for the community and the patient. Longer wait-
ing time for a THA, female gender, comorbidity, 
and age younger than 65 years are associated 
with even higher costs. Available baseline cost 
data are essential for further health economic 
analyses and could provide guidance for health 
care decision makers [ 35 ]. 

 The number of patients operated every year 
with expensive reconstructive procedures, costly 
implants for deformity correction and joint 
replacements or re-operations, is steadily increas-
ing. The data from large and old cohorts, such as 
the Swedish, the Norwegian and the newer UK 
arthroplasty registers reports, demonstrate a 
steadily increasing demand for joint replace-
ments in the last three decades with an unprece-
dented increase in health care expenditures per 

capita. According to the Swedish Knee 
Arthroplasty Register (SKAR) report of 2010, in 
1990 the 1.6 and 0.9 % of the older women and 
men in Sweden had at least one knee arthroplasty, 
and in 20 years (2009) these numbers became 
fi ve times higher (7.3 % and 5.0 %, respectively). 
A parallel increase is observed for hip arthroplas-
ties. It will soon be refl ected in the need for revi-
sions, risk of peri-prosthetic fractures and 
Infections [ 34 ,  35 ,  37 ]. With an estimated num-
ber of more than 2,000,000 joint replacements 
worldwide in 2011, and a prosthetic joint infec-
tion (PJIs) rate of 1.65 % at the end of the fi rst 
year post-op, which increased to 2.35 % at the 
3rd year, 2.96 % at the 5th, and 3.35 % at the 7th 
year of follow up, this problem becomes the most 
devastating adverse event (after death) for the 
patient. In the immuno- suppressed patients, as in 
those receiving an RA with an arthroplasty, pros-
thetic joint infections are higher than 5 %, and in 
the revised total joint arthroplasties they reach 
7 %. Comparing the cumulative revision rate 
(CRR) and using only revision for infection as an 
end point, the SKAR found improvement with 
time for TKA. However, in TKA (OA and RA) 
the CRR for infection during 2006–2012 has 
increased as compared to 1996–2005 (Fig.  1.1 ).

   When this Knee Register estimates the risk of 
revision due to infection, it counts the fi rst revi-
sion due to infection in the affected knee 
(Fig.  1.2 ). Over time a reduction in this risk both 
for OA and RA was noticed, but for the period 
2006–2012 the risk of revisions for infections 
increased compared to the previous 20 years. 
UKAs have signifi cantly lower risk of infection 
than TKA, and patients with OA run a lower risk 
than those with RA [ 35 – 37 ].

   In the Swedish Hip Arthroplasty Register 2013 
report, peri-prosthetic infection is also the second 
most common reason for revision THA. The rela-
tive proportion of infection increased even more in 
2013, i.e., from 13.9 to 14.6 % in primary revi-
sions, and from 23.9 to 25.6 % in multiple-time 
revisions [ 37 – 39 ]. Infection was also the second 
most common reason for revision of hemi- 
arthroplasties, broadly applied in the management 
of hip fractures. Although the percentage of the 
prosthetic joint infections was low, compared to 
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the large total number of joint replacements, the 
health care burden and the fi nancial costs dramati-
cally increased due to prolonged hospital stays and 
suffering of the debilitated patients. This means, 
among all consequences, a substantial loss of 

healthy lifetime of the patients, and increased 
health care expenditures in order that the large 
number of patients affected are managed. The 
higher the prevalence of prosthetic knee infections 
in the Swedish Knee Arthroplasty Register after a 
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  Fig. 1.1    The longer the follow up for the TKA the higher 
the infection rate in patients with osteoarthritis of the 
knee. This is even higher for the TKAs in rheumatoid 

knees (SKAR Report 2014) (Published with permission 
from the Swedish Knee Arthroplasty Register)       
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  Fig. 1.2    The infection 
comprised about 25 % of the 
indications for revision of the 
TKAs in osteoarthritis, 23 % of 
the revisions in cases with 
rheumatoid arthritis and a very 
low 2.5 % for the UKAs 
(SKAR Report 2014) 
(Published with permission 
from the Swedish Knee 
Arthroplasty Register)       
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follow-up of 20 years, the longer their survival 
(Fig.  1.3 ) [ 37 ]. A similar fi nding is presented in the 
Norwegian Hip Arthroplasty Register 2010 report, 
where the number of revisions for infection 
increased from approximately 6 % in 1997 to 
nearly 20 % in 2009 [ 38 ,  39 ]. As the absolute 
number of infected implants is rising, the trend 
shows that PJIs from 1.4 % (2005) are projected to 
be increasing to 6.5 % for THA and 6.8 % for 
TKA in 2030, thus drawing big funds from the 
ever restricted health care budgets, now directed to 
fewer patients. The proportion of revisions due to 
infection increases for multiple-time revisions. 
After initial revision, the probability is great that a 
possible further revision will take place during the 
fi rst year after the index revision. If the fi rst revi-
sion is performed due to loosening, infection or 
dislocation, then the cause for the next revision is, 
in most cases, the same [ 39 ]. Orthopaedic infec-
tions from MRSA and other resistant bacteria are 
responsible for multiple surgical procedures, 
increased complications, longer hospital stay, 2.5 
times higher mortality, 7-fold higher likelihood for 
the patient to die within 90 days, higher  likelihood 
for him/her to undergo mechanical ventilation, 

30-fold higher likelihood to be readmitted, with 
signifi cantly increased total costs. PJIs are consis-
tently diffi cult to eradicate, are limiting joint func-
tion and have a systemic impact with major 
infl uence on fatal outcome, as they demonstrate 
signifi cantly greater risk of mortality (p < 0.001), 
compared with aseptic revision arthroplasty at 90 
days (3.7 % vs. 0.8 %), 1 year (10.6 % vs. 2.0 %), 
2 years (13.6 % vs. 3.9 %), and 5 years (25.9 % vs. 
12.9 %). Independent predictors of mortality in 
PJIs are the increasing age, higher Charlson 
Comorbidity Index, history of stroke, polymicro-
bial infections, and cardiac disease, factors com-
monly encountered in the population with joint 
arthroplasties [ 40 ]. PJIs from antibiotic resistant 
bacteraemia may lead to excision arthroplasty and 
several “years living with disability”. Infections 
from antibiotic susceptible bacteria yield 81 % sat-
isfactory outcomes, while only 48 % of the PJIs 
from resistant bacteria may be cured [ 37 ]. PJIs rep-
resent a tremendous economic burden for tertiary-
care centres and patients. Measuring the impact of 
PJIs following primary TKA, with 2-stage revision 
in the length of hospitalisation, readmissions, and 
the associated costs, in a 4-year period (2007–
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  Fig. 1.3    The relative proportion of THA 
infection increased in 2013 even more, 
from 13.9 to 14.6 % in primary revisions 
and from 23.9 to 25.6 % in multiple-time 
revisions (SHAR Report 2013)       
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2011) 21 consecutive patients with infected TKAs 
were matched with 21 non-infected patients who 
underwent uncomplicated primary TKA. PJIs after 
TKA compared to the matched group needed sig-
nifi cantly longer hospitalisations (5.3 vs. 3.0 days), 
more readmissions (3.6 vs. 0.1), and more clinic 
visits (6.5 vs. 1.3). The mean annual cost was also 
signifi cantly higher in the infected group $116,383 
($44,416 to $269,914) compared to the matched 
group $28,249 ($20,454 to $47,957) [ 41 ]. The 
SSIs following total hip and total knee replace-
ments are associated with increased number of 
readmissions. In the fi rst year after these infections 
have been taken care 1.2 % of the patients are 
 re-hospitalised because of a new SSI for an aver-
age of 8.6 days with a cost of $ 26,812. The year 
after this episode of SSI, 12.5 % of the cases were 
re-hospitalised due to SSI-related issues, 41 % 
with SSIs were re- hospitalised for “all cause” rea-
sons, with an average stay of 6.2 days and an addi-
tional cost of $31,046. According to the Center for 
Disease  Control & Prevention (CDCP), SSIs 
associated readmissions are potentially prevent-
able, saving millions $/year to the healthcare 
system.

       The Obstacles 

 Early diagnosis helps in achieving improved out-
comes for patients with infections, however 
delays are frequent, particularly in the chronic 
ones, because of their insidious onset with clini-
cal features that may be confused with other con-
ditions and due to lack of specialised and sensitive 
tests available in the health care settings. More 
focused research may also improve diagnosis to 
both speed up treatment and minimise the waste 
of ineffective drugs. There is an urgent need to 
educate on and raise awareness of these prob-
lems, with organised dissemination of current 
evidence, and best practices concerning preven-
tion, diagnosis and management of musculoskel-
etal infections. Unfortunately, only in countries 
with well-developed health care networks there 
are specialised centres for the treatment of severe 
implant-related bone and joint infections, leaving 
thus a large number of patients in settings where 

a low volume of cases can be accommodated, 
with less experienced surgeons, lack of a team 
approach and understaffed operating theatres and 
labs. The absence of structured training programs 
and opportunities in countries with underdevel-
oped health care systems, results in a paucity of 
employment of trained orthopaedic surgeons and 
maintenance of supportive labs for the care of 
persistent musculoskeletal infections. At all level 
of education, starting from medical school curri-
cula and following with the various “musculo-
skeletal” and “bone and joint” infection societies 
and associations, there is a need for us to strive to 
train care givers from diverse geographical back-
grounds, set up collaborative networks and help 
develop evidence-based protocols. Modern 
orthopaedics is expensive, and even personnel 
trained up to the highest theoretical and practical 
level have to continuously innovate and impro-
vise when confronted with current economic 
constraints, austerity and limited resources, the 
same being the problem in a lot of countries. 

 The fi nancial problems a lot of tertiary-care 
referral centres have been facing led to defensive 
policies, such as restricting access to a patient 
with an infection. To overcome this obstacle a 
structure for fi nancial incentives to hospitals with 
the ultimate goal of better clinical outcomes is 
needed, and also fi nding ways to reduce readmis-
sions, re-operations, complications and mortality 
rates. Infl uential international organisations like 
the EU administration, the WHO, the NIH, the 
“Welcome Trust,” the “Bill and Melinda Gates 
Foundation” do not appear to fully appreciate the 
burden imposed, the emerging threat posed by 
the disabling bone and joint infections, and the 
lack of new effective antimicrobials. The need to 
raise general awareness of the political decision- 
making bodies to act against this burden is urgent.  

    The European Perspective 

 Europe is not one single country but it consists of 
50 independent countries and 6 more that are 
“partially” recognised. The total population is 
742 million people. A European perspective of 
the socio-economic burden of PJIs has not been 
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established yet. The signifi cant variability of the 
economic and demographic conditions and cul-
tural convictions throughout Europe differs form 
north to south, from west to east, and within 
regions as well as countries. The EU today acts as 
an international organisation comprising 28 
European countries and following common eco-
nomic, social, and security policies, with a popu-
lation of 507 million people adhering to a 
common charter, the Charter of Fundamental 
Rights of the European Union. Health care in the 
EU is provided through a wide range of different 
systems run at the national level. Despite this, the 
charter states: “A high level of human health pro-
tection shall be ensured in the defi nition and 
implementation of all Union policies and activi-
ties” [ 42 ]. All member states have either publicly 
sponsored and regulated universal health care or 
publicly provided universal health care. Some 
countries have universal health care entirely paid 
by tax and others have hybrid systems, where 
basic needs are covered through tax-paid systems 
with additional non-tax covered services. Private 
funding for health care may represent personal 
contributions towards meeting the non-taxpayer 
refunded portion of health care or may refl ect 
totally private (non-subsidised) health care, either 
paid in cash or met by some form of personal or 
employer-funded insurance. The regional dispar-
ities in health outcomes can be attributable to dif-
ferences in socio-economic statuses and working 
conditions, behavioural, cultural factors, and dif-
ferences in public health policies among member 
states and regions. 

 Musculoskeletal diseases are mainly related to 
ageing, among other aetiologies, and the EU pop-
ulation is currently characterised as rapidly age-
ing. Increased longevity is one of the main drivers 
of population ageing, and worries about the sus-
tainability of pensions and health and care sys-
tems tend to be exacerbated in recession times. It 
should be borne in mind that the increased lifes-
pan is clearly an important outcome of the prog-
ress in biomedical sciences and technologies, and 
broadly provided to European citizens by the 
national health care systems. However, the cur-
rent crisis raises a lot of issues for individuals and 
their families regarding the sustainability of 

social and welfare systems. For these reasons 
policies are necessary to take this change into 
account and smooth out the hardest effects of the 
crisis on the population’s health. The economic 
crisis has very heavy repercussions on life expec-
tancies and health conditions, especially among 
the elderly. The experts agree that population 
ageing is, and will remain, the major demo-
graphic challenge to the European Union. In the 
EU-28 countries, the average share of persons 
aged 65 years and above is projected to increase 
from the 17.1 % of 2008 to 30 % by 2060, when 
the number of old people will rise to 151.5 
million. 

 The increasing demand for joint replacements 
for the benefi t of the patients is not only a burden 
to the healthcare system, but also a lucrative busi-
ness for private contractors. Due to the different 
healthcare systems throughout the continent, it is 
diffi cult to identify the distribution between pri-
vate contractors and public service for primary 
joint replacements. The oldest scientifi c society 
in the world studying bone and joint infections, 
the European Bone & Joint Infection Society 
(EBJIS), through its board of country representa-
tives, has recently conducted a survey regarding 
the Orthopaedic health care services each repre-
sentative presenting results for his/her own coun-
try. The fi gures provided are gross estimates by 
the country representatives from France, United 
Kingdom, Germany, Greece, Czech Republic, 
Switzerland (non-EU), Spain, Denmark, Sweden, 
Belgium, The Netherlands and Azerbaijan (non- 
European), with a total of 401 million 
inhabitants.  

    Private Versus Public Contractors 
in Primary Arthroplasties 

 Primary prosthetic joint implantations are in their 
vast majority performed in public hospitals in the 
Nordic countries, whereas in countries like 
Germany about 20 %, and France or Belgium 
more than 50 %, are provided by private contrac-
tors. Revision surgery for an arthroplasty, after 
loosening or fracture, is much more demanding 
in terms of hospital and human resources, skills, 
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hardware and recovery, and this is especially so 
when the revision is due to an infection. The sur-
vey fi ndings demonstrate the clear tendency that 
revision surgery and overall revisions due to an 
infection are preformed preferably in the public 
hospital. A simple explanation could be that pri-
vate contractors either do not have the facilities 
or avoid taking the risk for an unpredictable out-
come of septic joints surgery in terms of length of 
stay, expensive antibiotics, and the subsequent 
increased burden. There are very few reports on 
the actual direct costs of septic joints revision 
arthroplasties, revealing signifi cant differences in 
service charging and coding, and reimbursement 
policies among countries and regions within 
countries. There are vast variations among reim-
bursements by public health care providers and 
those insurance companies make for the increased 
costs of treatment.  

    Financial Incitement 

 Financial incitement is a very powerful tool used 
by health care authorities to induce changes. In 
some countries a fl at-rate system has been imple-
mented. By “fl at-rate system” it is meant that in 
case of readmission within a defi ned timeframe 
the provider of the index operation cannot charge 
for any extra costs. In some counties this is 
expanded allowing even admission to another 
hospital to be invoiced to the index department 
(UK). The timeframe of the quarantine period 
differs from 18 (Confederation Helvetique) to 44 
(Italy) days. The survey revealed that United 
Kingdom, Czech Republic, the Netherlands, Italy 
and France have a fl at-rate policy. This policy is 
apparently aiming at providing the patient with 
the incentive of a free-of-charge re-examination 
with the ultimate goal of preventing complica-
tions. The fl at-rate system focuses on reduction 
of early and short-term adverse events like SSIs 
and dislocations, but might have very little effect 
on the long-term complications like late infec-
tions, loosening of the prosthesis and hardware 
failure. There are no studies proving the true sav-
ings derived by this type of health care manage-
ment, and moreover, the fl at-rate policy has also 

some drawbacks. Use of implants that could 
reduce long-term complications, such as the 
coated ones, is not encouraged, and also with-
holding of readmissions until the patient is out of 
the quarantine period may appear. 

 In the management of infected joint arthro-
plasties today, the dominating treatment option 
follows the two-stage exchange procedure. The 
time between the fi rst stage with implant removal, 
surgical debridement, and local antibiotic deliv-
ery, and the subsequent second stage of re- 
implantation varies from 2 to 6 weeks, or 
sometimes more. In some countries the optimal 
time to implement stage two is within the quaran-
tine period, hence hindering the surgeon from 
obtaining reimbursement for the second proce-
dure. But the approach of “the fl at-rate system” 
carries the risk of encouraging re-implantation at 
a sub-optimal time, with a questionable benefi t 
for the patient. It appears that this type of fi nan-
cial incitement could be a way to induce changes, 
but it needs much stronger advocacy on the part 
of the clinicians and the scientifi c societies to 
optimise the structure of incentives and evaluate 
its true benefi ts.  

    The Global Financial Crisis 
in 2007–2008 

 Economists have characterised the Global 
Financial Crisis of 2007–2008 as the worst global 
recession since the Great Depression of 1929. 
Surprisingly, most of the responses to the EBJIS 
Survey do describe that the fi nancial crisis had 
little or no impact on the health care system. In 
Greece and Spain, on the contrary, under a major 
infl uence of such a crisis the implementation of 
“salvage” programs with dramatic budget reduc-
tions and stringent austerity measures, is suffer-
ing from shortage of health care personnel, 
hospital resources and service accessibility, hav-
ing a direct negative effect on the public health-
care quality indices. The same survey has also 
revealed that within the communities, there is an 
ongoing effort to reduce cost and increase effec-
tiveness, and in this respect, the health care sys-
tems are not by-passed.  
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    The Long-Fought Battle 
with the Antibiotic-Resistant 
Bacteria 

 Antibiotics paved the way for unprecedented 
medical and societal developments in the previ-
ous century, and are today indispensable in most 
health scare systems throughout the world. 
Achievements in modern medicine, including use 
of implants in musculoskeletal surgery, which 
today are taken for granted, would not be possi-
ble without access to effective prophylaxis and 
treatment against bacterial infections. The antibi-
otic resistance is a rapidly progressing and com-
plex issue with consequences affecting everybody 
in the world. However, coordinated action is 
largely limited, both at national and international 
levels. The ongoing effort to control infections in 
clinical practice has yielded inadequate results, 
and no single solution has been successful. 
Although various strategies are being imple-
mented worldwide, between 2000 and 2010 the 
consumption of antibiotics increased by 36 %. 
Most antibiotics are intended for use in commer-
cially driven livestock to help promote growth 
and prevent disease, in agriculture, aquaculture 
and horticulture. Unnecessary prescription by 
physicians, uncertain of a diagnosis or treating 
largely self-limiting bacterial or viral infections, 
is also a major contributing factor to the develop-
ment of antimicrobial resistance. The European 
Surveillance of Antimicrobial Consumption 
Network (ESAC-Net) for 2010 reports a use 
ranking from 11.1 (Estonia) to 39.4 (Greece) 
daily doses/1000 inhabitants/day [ 43 ]. In low- 
income countries, antibiotics are given as a sub-
stitute for provision of clean water and safe waste 
disposal. In Nigeria, 88 % of the staphylococci 
are methicillin-resistant. The 95 % of adults in 
India and Pakistan carry bacteria resistant to 
β-lactams. 

 Anderson et al. reported that health care and 
community acquired-MRSA infections have sur-
passed HIV as the most deadly pathogen in the 
US and Europe, accounting for more than 
100,000 deaths per year [ 42 ]. The high burden of 
resistant infections results from the increasing 
costs of treatment, longer duration of illness and 

higher rates of mortality, as well as the inability 
to follow procedures that rely on effective antibi-
otics to prevent infection [ 43 ,  44 ]. 

 A recent report entitled “ Tackling a Crisis for 
the Health and Wealth of Nations, from the 
Review of Antimicrobial Resistance”  led by the 
economist Jim O’Neill and informed by two 
other reports prepared by KPMG and RAND 
Europe, as well as the 1st annual progress and 
implementation report on antimicrobial resis-
tance for the UK Government, following their 
2013 5-year strategy plan, estimates that 300 
million people will die as a result of drug resis-
tance within the next 35 years. If this happens, it 
would have a catastrophic knock-on effect on the 
world’s economy, reducing global GDP by 
2–3.5 %, more than it should otherwise have 
been in 2050. In addition to antibiotic resistance, 
the review projects also revealed resistance to 
antimalarial, HIV, and tuberculosis drugs. 
However, the consultants admit the data are 
unreliable, and state that “These were considered 
as proxies in the absence of better data or fore-
casting tools; much more details and robust work 
will no doubt be done by academic researchers 
and clinicians in the future.” The authors also 
admit that their “teams experienced signifi cant 
problems with data collection because of the 
lack of consistent sources monitoring the num-
ber of bacterial infections globally” [ 44 – 46 ]. 
According to a recent report from the United 
Kingdom, the human cost of the antibiotic-resis-
tance crisis is estimated to 300 million cumula-
tive premature deaths by 2050, with a loss of up 
to $100 trillion (£64 trillion) to the global econ-
omy. This dire situation has been highlighted for 
years by the Infectious Diseases Society of 
America [ 45 – 47 ]. 

 Achievements in modern medicine including 
the use of implants in musculoskeletal surgery, 
which today are taken for granted, would not be 
possible without access to effective prophylaxis 
and treatment for bacterial infections. With the 
rising awareness about the antibiotic resistance 
threat among policy-makers and the public, there 
comes an increasing demand for action. 

 As with other such assets, for keeping it 
available the fi rst step is conservation, making 
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better antibiotic stewardship by reducing 
demand through vaccination, infection control, 
diagnostics, public education, incentives for cli-
nicians to prescribe fewer antibiotics, restric-
tions on access to newer, last-resort antibiotics, 
and implementation of strict rules to ban their 
use for the growth of livestock. This needs top-
down political action from the part of govern-
ments, regulatory  agencies and medical 
associations, implementing a structure of incen-
tives for conservation if they really mean to 
match their rhetoric [ 46 ]. 

 Innovative concepts improving the effi cacy of 
current drugs and replenishing effectiveness by 
developing new drugs should be the second step, 
where scientists have the biggest role to fi nd 
ways to maximize the impact of the existing 
stocks, such as scanning all compound libraries 
for new drugs, or for combinations to reverse 
resistance to existing medicines and so to extend 
their useful life, a concept that has proven suc-
cessful in the treatment of HIV. Discovery of new 
antibiotics is a necessary but not suffi cient solu-
tion because of the high cost of research towards 
this direction and lengthy timelines. 

 This brings up the third step, i.e., increasing 
the number of antibiotics that reach the market. 
From the 30 new antibiotics approved by the 
FDA between 1983 till 1992, there were only 
seven between 2003 and 2012. Restructuring of 
the incentives given to the fi rms that are called to 
do that work might be an effective approach to 
overcome this problem. World Health 
Organisation is in the process of a draft prepara-
tion on antibiotic resistance, proposing new busi-
ness models for the development of new drugs, 
driven by the public need rather than market 
forces [ 47 ].  Antibiotic resistance should be on the 
global political agenda, not just the agendas of 
infectious disease meetings.   

    The Impact of Bone and Joint 
Infections on Global Health 

 The BJIs constitute a set of problems, which 
although it is spread globally as a challenge, is 
seen through different lenses at the different parts 

of the world. Resource-rich countries are chal-
lenged to design effective prevention of infec-
tions, and provide affordable access and quality 
of care for their patients with infected implants 
and other musculoskeletal infections, while the 
resource-poor countries are challenged to under-
stand and develop sustainable services from 
scratch. One of the most pressing concerns in 
resource-poor settings is trauma and infection 
complications, requiring the attention and service 
of sub-specialist surgeons. Goals concerning 
global health equity, as well as ready access to 
basic medical care are priorities, but it is not pos-
sible without the development of safe and effec-
tive surgical care. Providing orthopaedic care 
through volunteerism to local, national, and 
international patients who are unable to pay or 
cannot easily access care is not only an ethical 
responsibility but also a professional one. Surgery 
in low-income and middle-income countries, 
however, faces implementation challenges. 
Compared with vaccination or antiretroviral 
treatment, surgery needs more infrastructure, 
such as clean operating rooms, anaesthesia, elec-
trical power for monitoring equipment, and ancil-
lary laboratory services. It also requires more 
specialized human resources and infrastructure 
than many traditional public health interventions. 
Cost-effectiveness should not be perceived as a 
barrier to expansion of surgery in resource-poor 
settings. When these challenges are met, surgery 
can produce health benefi ts with similar cost- 
effectiveness ratios [ 48 – 51 ]. Education is key for 
the medical students who are going to be the next 
generation of researchers, and public health pro-
fessionals, the general public, and the decision 
makers. A fi rst step is to train the legislators and 
policy makers and give them access to good evi-
dence, and also give them the ability to interpret 
it. However, competing infl uences are frequently 
raising hindrances to evidence-informed policy 
making [ 52 ]. 

 Europe today is facing an unprecedented 
pressure from huge numbers of immigrants 
fl ooding the southern countries, seeking after 
better living conditions, bringing thus the prob-
lem of the health care equity into its ground. 
This is further increasing the burden on the 
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health care system and the restricted budgets. 
Several key principles should guide efforts to 
reduce disparities. First, we should look for hid-
den disparities, reporting clinical performance 
data that are stratifi ed according to patients’ 
race, ethnic group, and socioeconomic status. 
Reducing and even more, eliminating racial and 
ethnic disparities in health outcomes is more dif-
fi cult than simply standardising the health care 
provided to patients. It is our professional 
responsibility as clinicians, to collaborate with 
the administrators and policymakers to improve 
the way we deliver care to diverse patients, 
including patients of any racial or ethnic back-
ground. Scientists’ job is not over once a paper is 
published. We can reach at a point in our career 
when we should decide, in a world of limited 
resources and time, to focus on making a differ-
ence, thus we can defi nitely do better [ 53 – 55 ].  

    The Future 

 For such devastating impact from the long 
fought battle against the germs, there is a defi -
nite need to forge a new “social contract” 
between health care, the medical innovation sys-
tem with its basic scientists and clinical 
researchers, and the “society” as a key to the 
development of sustainable health-care systems 
that take maximum advantage of the power of 
modern medicine and reduce its socioeconomic 
burden. The future is likely to be shaped by the 
4P medicine that is  p redictive,  p re-emptive,  p er-
sonalised, and  p articipatory. Such an approach 
has the potential to transform health care from 
disease-orientated provision to a true health 
maintenance service [ 54 ]. For a more effective 
and effi cient management of the bone and joint 
infections, we are proposing six priority issues 
requiring immediate attention: (1) As most 
diagnostic tests suffer from inadequate specifi c-
ity and/or sensitivity combined with subtle clini-
cal presentation of most bone and joint 
infections, often resulting in missed or delayed 
diagnosis and thus compromising clinical care; 
the development of rapid, simple, cheap and 
robust diagnostic tests is a priority. (2) Education 

and training of the medical community on the 
value of rapid intervention with surgical treat-
ment of the BJIs and effectively targeted antibi-
otics, should be addressed in a systematic way 
from the academia and the specialty societies. 
(3) Focus on translational work to develop bio-
fi lm-resistant implants through collaboration of 
specialty groups from surgeons and basic scien-
tists from the fi elds of biology, chemistry, phys-
ics, and funding agencies. (4) A better 
understanding of the “host at risk” for infection. 
This will lead to targeted preventive measures 
and more optimal clinical practices. (5) 
Implementation of policies to reduce unemploy-
ment and poverty as fundamental causes of poor 
health with higher incidence of infections and 
increased morbidity and mortality; and (6) 
Accurate data accumulation in registers at 
national and international level with emphasis 
on the socio-economic impact of musculoskele-
tal infections to obtain indisputable and con-
vincing evidence and raise much higher the 
scientifi c interest, attract committed grants and 
increase global investments to reduce the 
burden. 

 Progress will be made against the scourge of 
bone and joint infections if all parties, politi-
cians, funding agencies and the scientifi c com-
munity establish a collaborative action plan 
through surveillance and research, public and 
patient education, implementation of strategies 
for prevention and control, advocacy and part-
nerships with public health institutions, both 
private and public funding and academia, to 
increase awareness and raise priority for bone 
and joint infections on the global health agenda. 
Our patients’ safety and our professional integ-
rity depend on it!     
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    Abstract  

  Periprosthetic joint infection (PJI) following total joint arthroplasty 
leads to prolonged hospitalization, considerable morbidity, loss of 
 productivity in the workplace, and a signifi cant fi nancial burden. The 
incidence of PJI domestically is rising yearly at an alarming rate, and 
deep infection is among the most frequent indications for performing 
revision hip or knee arthroplasty in this country. Revision for infection 
has been shown to cost more than double that of a revision procedure 
performed for aseptic loosening or mechanical failure. Infection with 
resistant organisms has also becomes more prevalent, which is 
 associated with worse treatment outcomes and a higher cost of care. 
The government is the primary payer for the majority of cases of PJI, 
through Medicare spending, and several proposals for various 
 reimbursement strategies are on the horizon that will impact provider 
compensation for physicians and hospitals. This chapter explores the 
clinical and fi nancial implications of the rising incidence of PJI in this 
country, and considers the future impacts these trends may have on the 
American healthcare system.  
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      Introduction 

 Periprosthetic joint infection (PJI) is a truly devastat-
ing complication of total joint arthroplasty (TJA) [ 1 ]. 
It adversely impacts the patient, by causing func-
tional disability, increased morbidity and also mor-
tality [ 2 ]. The management of PJI currently is far 
from optimal, often resulting in the need for pro-
longed hospitalization, administration of long term 
intravenous antibiotics, and the need for multiple 
surgical interventions [ 3 ]. The protracted course of 
treatment results in a massive fi nancial burden on the 
treating institution and the health system on a 
national level. The incidence of PJI has been increas-
ing steadily over the last decade, both in terms of the 
absolute number of cases, as well as the proportion 
of primary total hip and knee arthroplasties that suc-
cumb to infection [ 3 ,  4 ]. The resistance profi le of 
infecting organisms has also changed over the recent 
years with an increase in the number of surgical site 
infections and PJIs being caused by antibiotic resis-
tant organisms [ 5 ,  6 ]. While recurrence of PJI after 
treatment is not common, eradication rates as low as 
16–37 % have been shown with infection of certain 
organisms treated with less-aggressive strategies [ 7 , 
 8 ]. The extensive treatment required to appropriately 
treat a patient with PJI is signifi cantly more expen-
sive than that for aseptic loosening after primary 
TJA [ 3 ], and treating institutions are experiencing a 
decline in reimbursement along with the develop-
ment of penalties for infection-associated readmis-
sion [ 9 ,  10 ]. Together, these trends have created a 
worrisome situation for physicians, economists, and 
policymakers looking ahead at the future of PJI in 
the United States. The purpose of this chapter is to 
critically examine the incidence, treatment para-
digms, and the impact of the microbial profi les 
involved in PJI, and to investigate the current and 
future socioeconomic impact these trends may have 
on the American healthcare system.  

    Incidence of Infection 

    Domestic Incidence 
of Musculoskeletal Infection 

 The incidence of generalized musculoskeletal 
infection, including PJI, osteomyelitis, soft tissue 

infection, and septic arthritis, is increasing largely 
due to the aging population and an increase in the 
number of patients with preexistent comorbidities 
such as diabetes and obesity, that may predispose 
them to infection [ 11 ,  12 ]. For PJI, the absolute 
numbers of cases per year is rising, which is attrib-
uted to the increase in the number of primary TJA 
that is being performed. Other factors that may also 
explain the rise in the prevalence of PJI may relate 
to the increase in awareness regarding PJI and 
development of better diagnostic strategies. Data 
extracted from the Nationwide Inpatient Sample 
(NIS) demonstrated that the absolute number of 
PJIs increased from 2001 to 2011, as infected total 
hip arthroplasties (THAs) grew from 4545 to 8858, 
and total knee arthroplasties (TKAs) increased 
from 7113 to 17,773 [ 13 ]. The odds of developing 
PJI after TJA also rose over this time period. PJI is 
the most common indication for performing revi-
sion TKA and third most common reason for revi-
sion THA in the United States [ 14 ,  15 ].  

    Infecting Organism Profi le 

 In recent years, there has been an increase in the 
number of both postoperative surgical site and 
deep PJI caused by methicillin-resistant organ-
isms [ 5 ,  16 ]. This change in microbial resistance 
profi le is concerning from a clinical standpoint, 
because infection with an antibiotic resistant 
organism is associated with an increased rate of 
treatment failure, longer hospitalizations, and 
worse overall outcomes [ 8 ,  16 ]. The optimal treat-
ment for these patients has been stated to be two-
stage exchange arthroplasty that includes 
resection arthroplasty, placement of a static or 
dynamic antibiotic-impregnated spacer, and 
administration of prolonged course of intravenous 
antibiotics prior to reimplantation,. The surgical 
management of patients with PJI, and particularly 
those infected with antibiotic resistant organisms, 
leads to a profound decreases in quality of life, 
socioeconomic contribution, and earnings poten-
tial [ 17 ]. The shift in virulence of these organisms 
may explain an interesting paradigm shift that has 
been witnessed within American hospitals: the 
average length of  hospitalization for treatment of 
PJI has declined steeply over the last 20 years, 
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However, the average charges per case have been 
consistently rising [ 4 ]. This may refl ect the more 
aggressive and expensive nature of treatment that 
has recently been undertaken by clinicians when 
treating PJI, the extended and costly nature of 
pursuing a two- stage exchange arthroplasty with 
intravenous antibiotics, and other aggressive 
methods of treatment. The fi nancial impact of 
these clinical trends will be discussed in more 
detail in the next section.   

    Economic Impact of Infection 

    Costs of Revision Arthroplasty for PJI 

 For many reasons, PJI places a major fi nancial 
burden on the patient, the payer, the treating insti-
tution, and the healthcare system as a whole. The 
direct medical costs of a revision THA performed 
for PJI range from $68,000 to over $107,000, 
according to one report [ 16 ], depending on the 
infectious organism and the type of treatment 
undertaken. These costs are 2.8 times higher than 
the cost associated with revision arthroplasty for 
aseptic loosening or mechanical failure, and 4.8 
times higher than costs for primary THA [ 18 ]. 
The comparisons are similar among TKA patients 
[ 19 ] In their 2005 report,  Bozic and Ries  were 
able to identify several key drivers of this 
 difference between cost in patients undergoing 
revision THA for infection, as compared to those 
undergoing revision for aseptic loosening, as 
delineated in Table  2.1  [ 18 ].

       Association Between Microbial 
Resistance and Cost 

 The cost of treatment is dependent on several fac-
tors. Parvizi et al. showed that the mean cost of 
treatment for infections caused by methicillin- 
resistant organisms is $107,264, as compared to 
$68,052 for treatment of sensitive strains [ 16 ]. 
Interestingly, even when controlling for surgical 
treatment performed (irrigation and debridement, 
versus one-stage exchange arthroplasty, versus 
two-stage exchange arthroplasty), PJI caused by 
antibiotic resistant organisms was associated 
with higher costs (Table  2.2 ). Among patients 
undergoing irrigation and debridement (I&D), 
for example, those with a methicillin-resistant 
infection were associated with 1.7 times higher 
cost. This is partly explained by a nearly two-fold 
longer length of hospital stay in these patients 
with resistant organisms.

       Financial Considerations of Clinical 
Decision-Making 

 Treatment strategy does play a role in determin-
ing the overall cost for management of PJIs. The 
cost of treatment must be weighed against the 
chances of successful outcome. For example, 
resection arthroplasty followed by staged reim-
plantation after several weeks of intravenous 
antibiotics is the most aggressive and costly 
treatment protocol. It is also associated with 
considerable morbidity, loss of function, and 
cost of time lost from work and leisure. However, 
it appears to provide more favorable long-term 
outcome versus I&D [ 20 ]. I&D with retention of 
components, followed by several weeks of anti-
biotics, is much less expensive to perform and 
quality of life and the socioeconomic productiv-
ity is not as profoundly affected, but is associ-
ated with a much higher rate of infection 
recurrence [ 21 ]. If these patients require future 
surgeries for a failed debridement attempt, the 
overall cost can escalate above that associated 
with the two-stage exchange arthroplasty strat-
egy. Fisman et al. utilized cost-effectiveness 
analysis modeling techniques to examine these 
two management strategies, and found that the 

   Table 2.1    Clinical characteristics of revision total hip 
arthroplasty (THA) for infection, compared to revision 
THA for aseptic loosening and to primary THA   

 Longer operative time 

 More operative blood loss 

 Higher post-operative complication rate 

 More total hospitalizations 

 More days in hospital 

 More total surgeries 

 Higher total hospital costs 

 More outpatient visits 

 Higher outpatient charges during 12-month period 
following procedure 

  Table adapted from Gutowski and Bozic [ 25 ]  
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parameter with the greatest impact on overall 
cost is the relapse rate of infection [ 22 ]. In a 
patient with a high risk of recurrence, such as 
those with PJI caused by a highly-virulent organ-
ism, the recommended strategy both from a clin-
ical and cost- effectiveness standpoint would be 
two stage exchange arthroplasty. However, in a 
frail, elderly patient who has a higher risk of 
morbidity and mortality, a less aggressive treat-
ment strategy, namely I&D with retention of the 
components, may be undertaken to achieve 
higher cost-effectiveness.  

    Reimbursement Considerations 

 In 2009, the average cost to a hospital for treating 
a single case of hip PJI was $30,300 and knee PJI 
was $24,200 [ 23 ]. Higher cost of care was found 
to be associated with patients of minority race 
and patients who lived in the West or Northeast 
parts of the United States. The fi nancial burden 
associated with treatment of PJI is disproportion-
ately assumed by the high-volume referral cen-
ters [ 24 ]. A disincentive exists among low-volume 
surgeons and hospitals to provide care to these 
patients, due to the clinically-challenging nature 
of these cases and probably lack of appropriate 
multidisciplinary teams. This phenomenon is 
compounded by an economic disincentive 
derived from increased pressures to minimize 
risk and improve cost-effective healthcare deliv-
ery. Insuffi cient reimbursement for these cases 
results in an average net loss of approximately 
$15,000 per revision TKA. If the patient’s care is 
reimbursed through Medicare, one form of gov-
ernment insurance in the United States, the insti-
tution’s average net loss per case approaches 
$30,000 [ 25 ]. 

 Reimbursement for revision TJA, specifi -
cally PJI, has been a source of policy debate in 
recent years. Medicare coding and reimburse-
ment practices were only changed in 2005 to 
refl ect the complexity of revision and infected 
cases, after suffi cient data were released that 
demonstrated increased hospital and surgeon 
resource utilization for these cases [ 26 ]. 
Medicare reimbursement policy is particularly 
relevant to this patient population because the 
majority of patients undergoing arthroplasty are 
funded by Medicare [ 27 ], as TJA already 
accounts for more Medicare spending than any 
other inpatient procedure. Five billion USD of 
the 2006 Medicare budget was spent on these 
TJA codes, and by 2030, TJA is projected to 
cost Centers for Medicare and Medicaid 
Services more than $50 billion annually [ 28 ]. 
Focusing on PJI specifi cally, data from the 
National Inpatient Sample revealed a relatively 
constant proportion of PJI patients covered by 
Medicare and Medicaid: from 2008 to 2011, 
60.7 % to 63.26 % and 5.33 % to 6.73 %, respec-
tively [ 29 ]. Interestingly, Medicare bears a dis-
proportionate amount of the fi nancial burden 
associated with these patients. Medicare covers 
nearly 60 % of those patients who fall victim to 
PJI, while private insurers or self-pay accom-
modates the remaining subgroup (Table  2.3 ). 
Meanwhile, Medicare covers only 37 % of 
patients with successful primary arthroplasties, 
while private insurers represent a much larger 
proportion of these less-expensive, uncompli-
cated patients. The “national bill,” or the aggre-
gate annual charges to Medicare for treatment 
of PJI across the nation, has risen steadily and 
was reported to be over $2 billion in 2011. This 
is over twice the amount of overall charges to 
private insurers for this condition.

   Table 2.2    Cost per treatment procedure for periprosthetic joint infection (PJI) with sensitive or resistant strains   

 Procedure 
 Mean cost, 
methicillin-resistance 

 Mean cost, 
methicillin- sensitive  p-value 

 Resistant: sensitive 
quotient 

 I&D  $32,720  $18,734.20  0.001  1.7465 

 Resection arthroplasty  $30,387.40  $23,459.50  0.0199  1.2953 

 1-stage exchange  $36,606.60  $25,886  0.033  1.4141 

 Reimplantation  $35,022.40  $26,775.70  0.0105  1.3080 
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        Looking Towards the Future 

 In consideration of the trends outlined above, 
concern has intensifi ed regarding the sustainabil-
ity of the current paradigm surrounding treatment 
of PJI. In 2009, the total hospital cost incurred 
across the United States for treating patients with 
PJI was $566 million. By 2020, it is projected to 
reach $1.62 billion, for nearly 60,000 cases 
(Figs.  2.1  and  2.2 ) [ 23 ,  30 ].

    The current reimbursement model for PJI is 
undergoing a transition, as payers attempt to 
anticipate and adjust to the future fi nancial bur-
den. The Patient Protection and Affordable Care 
Act contains several provisions for improving 
delivery and reimbursement of healthcare ser-
vices in the United States. Specifi cally, the move-
ment away from fee-for-service reimbursement 
models towards a lump-sum payment for a bun-
dled episode of coordinated care has been initi-
ated. TJA lends itself well to testing this payment 
model [ 31 ], which represents a shift of fi nancial 
risk from payer to provider. However, it is con-
cerning that the fi nancial aspects of PJI have not 
been explicitly reconciled in any of the four pro-
posed bundled payment models currently being 
trialed [ 32 ]. Postoperative infection, as an unex-
pected and to some extent uncontrollable event, 
can be costly and would not be covered under the 
proposed models, which offer lean reimburse-
ments based off costs for uncomplicated primary 
TJA. Development of one infection in the hospi-
tal could quickly eliminate any cost savings and 
gain-sharing that providers are working towards 
capturing. Patients with several comorbidities, 

deemed at high-risk for developing PJI, may 
undergo surgical delay until optimization could 
be achieved [ 33 ], or theoretically deprived of 
elective arthroplasty, as a result of the economic 
disincentives created by bundled payment 
schemes. 

 Policies have been implemented to fi nancially 
motivate providers to prevent postoperative 
infections. In 2008, Centers for Medicare and 
Medicaid Services introduced the “Do Not Pay” 
rule, which outlined the withholding of addi-
tional reimbursement for certain “preventable” 
conditions; postoperative PJI was included on 
this list. By the time the Final Rule was passed, 
strong advocacy from the orthopaedic commu-
nity managed to convince the Centers for 
Medicare and Medicaid Services (CMS) to 
remove PJI from the list [ 34 ]. While review of 
hip and knee PJI continues for future addition to 
the “Do Not Pay” list, this has not been adopted 
to date. 

 The Hospital Readmissions Reduction 
Program launched in fi scal year 2013, where hos-
pitals with excess readmissions for acute myo-
cardial infarction, heart failure, and pneumonia 
within 30 days of discharge were penalized with 
a cut of 1 % of Medicare inpatient payments. 
This penalty increased to 2 % in fi scal year 2014. 
The Centers for Medicare and Medicaid Services 
estimates that in its second year, the Hospital 
Readmissions Reduction Program would impose 
penalties on 2225 hospitals for an excess of $227 
million [ 35 ]. In October 2014, the Department of 
Health and Human Services announced that the 
maximum penalty increased to 3 %, and that the 
program would expand to include readmissions 
for chronic obstructive pulmonary disease and 
complications after TJA. In consideration of 
already-high costs and resultant fi nancial losses 
associated with treating complicated PJI, these 
penalties can have far reaching consequences. A 
concern that is becoming increasingly relevant 
involves the development of medical refugees: 
patients who have either developed PJI, or those 
who are candidates for TJA but have several risk 
factors for postoperative PJI, and are unsuccess-
ful in fi nding a provider willing to treat them. 
More and more hospitals and surgeons may resort 

   Table 2.3    Percentage of hospital discharges for PJI, 
reimbursed by various payers   

 2008  2009  2010  2011 

 Medicare  61  63  60  62 

 Medicaid  5  6  6  7 

 Private  28  26  26  27 

 Uninsured  1  1  1  1 

 Other  5  4  4  3 

  HCUP NIS Database.   http://hcupnet.ahrq.gov/HCUPnet.
jsp?Id=791E0204CFD43716&Form=DispTab&JS=Y&
Action=%3E%3ENext%3E%3E&__InDispTab=Yes&_
Results=Newquery      
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to “cherry-picking” in order to minimize risk and 
thereby mitigate fi nancial loss [ 36 ].  

    Conclusion 

 Currently, TJA accounts for more Medicare 
spending than any other inpatient medical 
procedure [ 28 ,  37 ]. Government payers, 
namely Medicare, also fund over 60 % of all 
cases of PJI treated in the country annually. 
As the incidence of primary arthroplasty and 
the rate of postoperative infection continue to 

increase, the clinical and fi nancial burden 
placed on the healthcare system will become 
ever more pervasive [ 23 ]. Implementation of 
the Affordable Care Act will bring adoption 
of new models of care delivery, payment, and 
penalties that may give rise to economic dis-
incentives for both hospitals and  surgeons 
against treating patients with PJI or 
with risk factors for developing infection, 
 potentially leading to exclusion of patients 
from the  healthcare system. Looking ahead, a 
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Kurtz et al. [ 23 ], Copyright 
2012, with permission from 
Elsevier)       
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States, 2001–2020 (Adapted 
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Copyright 2012, with per-
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 multipronged approach to minimizing the 
economic burden of PJI must include cost-
effective care starting on an individual patient 
basis, while creating a global incentive struc-
ture that rewards value, effective prevention, 
and evidence-based treatment. With the pres-
ent state of affairs, and in an effort to provide 
a cost effective care, considerations should be 
given to building specialized centers of care 
for management of PJI, akin to oncology cen-
ters, that bring together a multidisciplinary 
team of experts.     
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    Abstract  

  Although typical published rates for periprosthetic joint infection are only 
about 1–2 % of all total joint arthroplasties, these infections have come to 
represent an increasingly signifi cant burden on society. Financial estimates 
may be made for the economic loss associated with periprosthetic infec-
tion, but the personal cost of morbidity, whether psychological or physical, 
is often incalculable. This chapter examines the risk factors for develop-
ment of periprosthetic infections, and discusses which of these factors are 
modifi able. By developing strategies that target those risks which are con-
trollable, orthopaedic teams can seek to reduce periprosthetic joint infec-
tion rates to minimum levels. Risk factors may be considered as being 
either associated with individual patient characteristics or with the opera-
tive procedure itself and the environment in which it is performed. Risk 
reduction interventions will often require input from multidisciplinary 
teams, and the timing for interventions can be categorized as occurring in 
the pre-operative, immediate peri-operative or post-operative phases.  
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      Introduction 

 Periprosthetic joint infection (PJI) is a clinical 
condition where there are never any winners. A 
cloud without a silver lining, PJI brings no bene-
fi t to patient, surgical team or society. The costs 
of PJI are profound, and some are incalculable. 
To a patient, PJI may involve prolonged and per-
sistent pain, loss of function, emotional distress 
or, rarely, more serious complications. Not sur-
prisingly, the patient-surgeon bond of trust is 
often threatened. Surgical teams may feel an 
onus of responsibility to perform revision arthro-
plasty themselves, although the evidence is that 
referral to specialised centres improves outcome. 
Perhaps the most straightforward cost to calcu-
late is the fi nancial one, borne by society. Even 
ignoring potential economic productivity losses, 
a recent Australian study demonstrated that cases 
of PJI managed with debridement and implant 
retention, still cost over 3 times as much as age-, 
sex- and arthroplasty site-matched controls [ 1 ]. 
Although total joint arthroplasty (TJA) infection 
rates are low at between 1 and 2 % per prosthesis-
lifetime, an expanding older population will lead 
to increasing prevalence of PJI. Over the period 
2001–2009, the annual cost to hospitals in the 
United States of America for infected knee and 
hip arthroplasties rose from $320 million to $566 
million; the estimated projection for 2020 
exceeds a staggering $1600 million [ 2 ]. Against 
this sobering backdrop, it is not surprising that 
there is a growing appreciation of the need to 
focus on “getting it right fi rst time” [ 3 ]. As in so 
much else of medicine, prevention is better than 
cure. 

 The fi rst step in the challenge to reduce PJI 
rates is to identify those risks that are modifi able; 
strategies can then be developed to focus on min-
imizing these risks. 

 Risk factors for development of PJI following 
TJA are usually divided into two categories: 
those associated with the patient, and those asso-
ciated with the surgical intervention itself [ 4 ,  5 ]. 
However, it is also very useful to consider when 
the opportunities for risk minimization may 
occur, as this will help dictate the timing of inter-
ventions. In this way, different risk reduction 

strategies may be targeted to the three different 
time blocks: the pre-operative period, the opera-
tive and immediately peri-operative window, or 
the post-operative convalescent stage.  

    Patient-Associated Risk Factors 
for Periprosthetic Joint Infections: 
Screening and Management 

 Patient-associated risks are summarized in 
Table  3.1 . These should be identifi ed in the pre- 
operative period and those that can be modifi ed 
should be reviewed. This is likely to require mul-
tidisciplinary input and may necessitate careful 
peri-operative management and surgical schedul-
ing. Modifi cation of patient-associated risks are 
discussed.

      Active Infection 

 Patients should be assessed for evidence of ongo-
ing infection, in particular for symptoms of den-
tal or urinary tract infection, as these are common 
infections that carry a risk of haematogenous 
seeding [ 4 ,  6 ,  7 ]. Patients with evidence of cur-
rent infection should be actively investigated, 
including with a midstream urinary culture, and 
those with positive results should be treated with 
a suitable antibiotic prior to their arthroplasty. 
Microbiological guidance regarding the choice of 
agent should be sought if needed.  

    Medical Co-morbidities 

    Diabetes Mellitus 
 Maintaining good glycaemic control in the peri- 
operative period is essential in the prevention of 
PJI; however, there is currently little evidence 
regarding the utility of routine screening of elec-
tive TJA patients for hyperglycaemia and/or dia-
betes, and this is not currently recommended.  

    Chronic Liver or Kidney Disease 
 TJA has been shown to be safe even in patients 
with cirrhosis [ 8 ] and routine pre-operative 
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screening for liver disease is not advised [ 4 ]. Pre- 
operative identifi cation of kidney disease is 
imperative as it allows for safe drug dosing, 
including of antibiotics.  

    Infl ammatory Arthropathy 
 The patient’s underlying condition and bone 
density should be optimized or stabilized, if 
possible, and immunosuppression reviewed, as 
discussed below. Patients with rheumatoid 
arthritis (RA) are at particular risk of PJI and 

suffer worse outcomes than non-RA patients with 
PJI; vigilance must be maintained in these 
patients for evidence of PJI, which must be 
treated promptly and aggressively.  

    Immunodefi ciency 
 It is advisable to liaise with the infectious disease 
or HIV specialist responsible for the ongoing care 
of any HIV-positive patient when planning for TJA, 
with a particular view to optimizing the patient’s 
CD4 count and viral load pre-operatively.   

   Table 3.1    Patient-associated risk factors   

 Risk Factor[s]  Is risk modifi able?  Intervention 

 Gender  Male  No 

 Presence of active 
infection 

 Infection of the joint or 
surrounding soft tissues 

 Yes  Tissue sampling to ensure 
identifi cation of causative 
pathogen. 
 Treat infection prior to surgery 

 Infection at a distant site  Yes  Screen for infective symptoms. 
 Treat infection prior to surgery 

 Medical 
Co-morbidities 

 Infl ammatory arthropathy  Yes  Minimize active infl ammation and 
optimize bone density 

 Immunodefi ciency  Possibly  Optimize viral load and CD4 count 
of HIV+ patients 

 Diabetes – glucose >180 mg/dl 
or >10 mmol/l 

 Yes  Diabetes control should be 
optimized 

 Chronic kidney disease  No 

 Liver Disease  No 

 Malignancy  Possibly  Optimize treatment with 
immunosuppressants and leukocyte 
(particularly neutrophil) count 

 Medical or 
Surgical History 

 Previous surgical intervention  No 

 Recent hospitalization  No 

 Prolonged admission to a 
rehabilitation facility 

 No 

 Immunosuppressive medication  Yes  Minimize immunosuppression, stop 
in the pre-operative period and 
optimize agents used 

 Nutritional status  Morbid obesity (BMI >40 kg/
m 2 ) 

 Yes  Weight loss and dietetic advice 

 Malnutrition  Yes  Nutritional supplements and 
dietetic advice 

 Social history  Smoking  Yes  Smoking cessation 

 Excessive alcohol consumption  Yes  Abstinence or reduction of alcohol 
intake 

 Intravenous drug use  Yes 

 Commensal fl ora  Nasal colonisation with 
Methicillin-resistant 
 Staphylococcus aureus  

 Yes  MRSA suppression 
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    Medical/Surgical History 

    Immunosuppressive Treatment 
 Disease-modifying agents should be stopped 
prior to elective TJA; the timing of drug cessa-
tioin varies from drug to drug according to its 
half-life in the body, and recent recommenda-
tions are listed in Table  3.2  [ 4 ].

        Nutritional Status 

    Morbid Obesity 
 These patients should be given advice to reduce 
their weight prior to surgery and should be 
referred for dietetic advice. Many of these 
patients will also have diabetes: their glycaemic 
control and diabetic management should also be 
optimized pre-operatively. In order to ensure that 
obese patients receive suffi cient antibiotic pro-
phylaxis and avoid underdosing [ 9 ], it is impera-
tive that this should be considered as part of the 
pre-operative planning, involving the hospital 
pharmacists if necessary..  

    Malnutrition 
 Patients suspected to be malnourished pre- 
operatively should have their nutritional status 
assessed [ 10 ], including measurement of height 
and weight, calculation of body mass index and 
measurement of serum albumin levels. Patients 

identifi ed as being malnourished should be 
referred for dietetic assessment and considered 
for nutritional supplements.   

    Behavioural Risks and Substance 
Misuse 

    Smoking 
 Smoking cessation prior to surgery has been 
shown to substantially reduce the risk of 
 post- operative complications and mortality [ 11 , 
 12 ]. Furthermore, the longer the duration of 
smoking cessation the lower the post-operative 
complication rates [ 12 ,  13 ], but even a reduction 
in total tobacco intake may be benefi cial [ 14 ]. 
Again, the pre-opearative assessment should be 
used as an opportunity to pick up on patient 
smoking habits and to educate patients of the 
associated PJI risks, offering strategies to stop, or 
reduce, smoking in order to minimize these 
avoidable risks.  

    Excessive Alcohol Consumption 
 The optimal pre-operative period of abstinence 
from alcohol is not known, and may be longer 
than 4 weeks [ 15 ]. The pre-operative assessment 
provides a useful opportunity to assess alcohol 
intake and to provide health promotion advice 
regarding reduction or cessation. It is prudent to 
delay elective TJA in alcohol dependent patients 
until they have been assessed by alcohol support 
services and have managed to reduce their intake.  

    Intravenous Drug Use 
 The current international consensus suggests that 
these patients should not be offered elective TJA 
[ 4 ] due to their grossly elevated risk of PJI, with 
rates approaching 30 % [ 16 ].   

    MRSA Carriage and Suppression 

 Rapid screening and suppression of patients with 
nasal carriage of methicillin-resistant  S. aureus  
(MRSA) should be implemented to minimize 
the risk of PJI with this organism. Although the 
use of suppression therapy will also reduce 

   Table 3.2    Recommendations for when to stop immuno-
suppression pre-operatively   

 Drug  Prior to surgery 

 Hydroxychloroquine  Do not stop 

 Non-steroidal 
anti-infl ammatories 
 Methotrexate 

 Within 1 week  

 Sulfasalazine 
 Azathioprine 

 >1 week 

 Etanercept  >10 days  

 Infl iximab  3 weeks 

 Tocilizumab 
 Abatacept 
 Adalimumab 

 4 weeks 

 Lefl unomide  6 weeks 

 Rituximab  8 weeks 
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 colonization with methicillin-susceptible 
 S.aureus  (MSSA), at present the practice of 
screening pre-operatively for MSSA carriage 
remains controversial [ 17 ].   

    Prophylactic Antibiotics 

 The aim of using prophylactic pre-operative anti-
biotics is to minimize viable microbial contami-
nation of the surgical site. Within each 
orthopaedic centre, the antibiotic selected should 
cover the organisms most commonly found as 
causes of post-operative infections for that 
location. Suffi cient time should be allowed after 
administration to ensure that adequate drug 
concentrations in the tissues will have been 
reached by the time of surgical incision. Ongoing 
microbiological surveillance of wound organisms 
and their antimicrobial susceptibilities is 
imperative to ensure appropriate prophylaxis and 
minimize the risk of PJI. 

    Choice of Antibiotic 

 Pre-operative antibiotic prophylaxis should be 
prescribed according to local guidelines, which 
will take into account the local epidemiology and 
antibiotic resistance patterns. Typically a fi rst 
(cefazolin) or second generation cephalosporin 
(cefuroxime) or isoxazolyl penicillin is used [ 4 ]. 
These agents are chosen because they are rapidly 
bactericidal to the commonest Gram-positive and 
Gram-negative bacterial agents causing PJI and 
have excellent penetration of soft tissue, bone 
and haematoma. They also have favourable 
pharmacodynamics – achieving therapeutic 
concentrations from incision to closure. 

 Surgical prophylaxis with these antibiotics is 
preferable to the use of newer, broader spectrum 
agents in order to minimize the risk of emergence 
of resistance. 

 In patients with anaphylaxis to penicillin, a 
glycopeptide (vancomycin or teicoplanin) should 
be used. Patients with non-anaphylactic reactions 
to penicillin can usually be safely treated with 
cefuroxime (second-generation cephalosporin) 

but not cefazolin (fi rst-generation), which has a 
side chain structurally similar to penicillin. 

 Neither cefazolin, cefuroxime nor isoxazolyl 
penicillin provide any coverage against 
MRSA. Patients who are identifi ed as MRSA 
positive during preoperative screening should 
receive prophylactic vancomycin or teicoplanin. 
These agents may also be used as fi rst line 
operative prophylaxis in the context of MRSA 
outbreaks and in areas with a high MRSA 
prevalence; however, they provide inferior 
activity against MSSA so outside of these settings 
they should only be used fi rst-line in the context 
of penicillin allergy. There is currently no 
universal guidance on modifi cations to 
preoperative prophylaxis in patients colonized 
with other drug resistant pathogens [ 4 ]. 

 In patients with previous septic arthritis or a 
history of PJI, microbiological guidance should 
be sought and a pre-operative antibiotic should 
be selected that has activity against the previous 
infecting organism. The choice of antibiotic does 
not need to be changed for patients with other 
pre-existing prostheses, including those with 
prosthetic heart valves.  

    Dosing 

 The dose of pre-operative antibiotics should be 
adjusted according to the patient’s actual body 
weight to ensure suitable concentrations are 
reached. In adults, cefazolin doses are 1 g for 
patients who weigh <60 kg and 2 g for patients 
who weigh >60 kg; vancomycin is dosed at 
10–15 mg/kg up to a maximum of 1 g; the 
cefuroxime dose in adults is 1.5 g and teicoplanin 
400 mg, independent of the patient’s weight.  

    Timing of Administration 

 Several studies have identifi ed an increased risk 
of infection in patients who received antibiotics 
greater than 60 min prior to surgical incision [ 18 –
 20 ] and there is some evidence of an additional 
benefi t of administering antibiotics within 30 min 
of incision compared with an hour [ 21 ,  22 ]. 
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Accordingly, current US guidance advises 
administration of antibiotic prophylaxis within 
an hour before incision whilst European 
guidelines suggest administration within 30 min 
[ 21 ,  23 ]. Vancomycin and fl uoroquinolones 
require prolonged infusion and should be 
administered within 2 h of the surgical incision 
[ 4 ]. If a proximal tourniquet is used, antibiotic 
prophylaxis must be completely infused prior to 
application of the tourniquet [ 24 ,  25 ]. 

 An additional dose of antibiotic should be 
administered following loss of ≥2 l blood, admin-
istration of ≥2 l intravenous fl uid or after two 
half-lives of the antibiotic have elapsed (if surgery 
is ongoing): this equates to cefazolin 2–5 hourly, 
cefuroxime 3–4 hourly, isoxazolyl penicillin 3 
hourly and vancomycin 6–12 hourly [ 4 ].  

    Duration 

 There is no evidence of benefi t from prolonging 
the administration of antibiotics post-opera-
tively beyond 24 h in clean, elective cases [ 26 –
 30 ]. There are also numerous disadvantages to 
prolonging the duration of antimicrobial ther-
apy that include the increased risk of side 
effects, the direct drug costs, the risk of devel-
opment of  Clostridium diffi cile  diarrhoea, and 
the often unnoticed selection of resistant 
organisms.   

    The Operative Environment 

 The risk of PJI is also infl uenced by the surgery 
itself, the environment in which the operation is 
conducted, and post-operative wound care. The 
main modifi able peri-operative risks are 
summarized in Table  3.3 .

      Air Cleanliness 

 Particulate matter in the air of the operative room 
(OR) is a potential source of surgical wound 
contamination [ 31 ] and the incidence of PJI 
correlates with the number of airborne bacteria 

present in the environment around the surgical 
site [ 32 ]. 

 OR personnel shed particulate matter, includ-
ing bacteria, into the environment; increased 
numbers of OR personnel leads to increased bac-
terial air contamination [ 33 ,  34 ] and the move-
ment of staff and objects in the OR, as well as the 
opening and closing of doors, causes air currents 
that increase the movement of particulate matter 
in the air and the deposition of bacteria onto the 
surgical site [ 35 ,  36 ]. Door opening to the OR 
should be minimized, and all required equip-
ment, including sizes of implant, should be avail-
able within the OR prior to the commencement of 
surgery [ 4 ]. In spite of the documented effects of 
air currents, the evidence for laminar fl ow 
remains mixed, and in some studies its use 
appears to be associated with an increased risk of 
surgical site infection [ 37 ,  38 ]. There is currently 
insuffi cient evidence to support the routine use of 
space suits during TJA [ 39 ,  40 ]. 

 The longer the duration of surgery the greater 
the probability of bacterial contamination of the 
wound and the higher the risk of infection after 
TJA [ 41 – 44 ]. It is therefore essential that efforts 
are made to minimize length of surgery, without 
compromising the surgical procedure itself. 
There is also a direct correlation between how 
long instrument trays are open and the likelihood 
of bacterial contamination [ 45 ]. Instrument trays 

   Table 3.3    Operative factors infl uencing the risk of PJI   

 Prophylactic 
antibiotic 

 Inappropriate drug or 
under-dosed 

 Surgery  Prolonged operative time 

 Prolonged bleeding 

 Blood transfusion 

  Choice of prosthetic material  
( possible risk modifi er ) 

  Use of antimicrobial 
coatings / antibiotic impregnated 
cement  ( possible risk modifi er ) 

 Suture material 

 Wound care  Use of a wound drain 

 Wound dehiscence 

 Choice of wound dressing 

 Superfi cial surgical site infection 
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should be opened as close as possible to the start 
of surgery. 

 There is no evidence that performing clean 
cases after infected cases leads to an increased risk 
of PJI, however, most centres order the list with 
possible infected cases timetabled last to minimize 
the chance of cross-contamination between cases. 
The OR should be cleaned thoroughly after sus-
pected or confi rmed cases of infection [ 4 ].   

    Operator Preparation 

 All OR personnel who come into contact with the 
patient should wash their hands for two to fi ve 
minutes with an antiseptic wash prior to the fi rst 
case [ 46 ,  47 ]. There is no evidence that any par-
ticular handwashing antiseptic agent is superior. 
There is also little consensus regarding the dura-
tion of handwashing between cases and a shorter 
duration of washing or hand cleaning with alcohol 
handrub may be suffi cient [ 48 ,  49 ], although if 
there has been possible contamination the initial 
handwashing process should be repeated [ 4 ]. 

 Gloves must be used, changed between cases, 
and hand hygiene must be performed prior to put-
ting gloves on and following their removal. There 
may be additional benefi t in changing gloves at 
least every 90 min and following cementation as 
methacrylate cement damages the integrity of sur-
gical gloves [ 4 ]. Consideration should also be 
given to possible soiling of gloves from handling 
OR lights, since handles have been shown to be a 
source of bacterial contamination [ 50 ]. 

 All OR personnel should wear surgical masks, 
minimizing the risk of contaminating the surgical 
site with oropharyngeal fl ora [ 4 ,  46 ].  

    Skin Site Preparation 

 Whole body skin cleansing with chlorhexidine 
gluconate should start at least the night before 
elective TJA, following which patients should 
sleep in clean nightwear and bedding and should 
avoid the application of topical skin products [ 4 , 
 46 ]. Chlorhexidine wash should not be used 
excessively as this can cause skin irritation; in 

patients who are allergic to chlorhexidine, 
antiseptic soap can be substituted. 

 There remains ongoing debate about the 
relative benefi t of chlorhexidine gluconate in 
alcohol versus aqueous povidone-iodine scrub in 
preparing the skin site, and there is no conclusive 
evidence regarding additional effi cacy in 
preventing infection [ 51 ]. 

 Active skin ulceration in the vicinity of the 
surgical site has been demonstrated to be a 
signifi cant risk factor infection for PJI [ 52 ]. Skin 
lesions are frequently heavily colonized with 
bacteria, and thus elective TJA is discouraged in 
patients with active skin lesions, including ulcers, 
eczema or psoriasis, in the vicinity of the surgical 
site until these lesions have been optimized [ 7 ]. 

 Hair at or around the incision site should be 
removed by clipping (rather than shaving) on the 
day of surgery and not before, as this has been dem-
onstrated to minimize the risk of infection [ 53 ,  54 ].  

    The Prosthesis 

 Whether the choice of prosthetic material used in 
TJA has a role in the prevention of PJI remains 
uncertain [ 43 ,  55 ,  56 ]. A recent study of revision 
total hip arthroplasty procedures demonstrated a 
protective role for tantalum compared with 
titanium, when used for the acetabular component 
[ 57 ], suggesting that the choice of prosthetic 
material may be a modifi able risk factor. 
However, currently the optimal choice for PJI 
risk minimization remains to be elucidated. 
Similalry, prostheses themselves can also be 
coated with materials that have antimicrobial 
properties, supplementing the infection- 
preventing effects of systemic prophylactic 
antibiotics. Antimicrobial coatings are typically 
used with uncemented implants, whereas 
cemented implants may be used in conjunction 
with antibiotic-impregnated cement. 

    Uncemented Implants 

 Uncemented implants require adaptations to 
enable suffi cient osseointegration [ 58 ] and have a 
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potential role in infection prevention via 
antibacterial coatings and through the release of 
metal ions, which also have antimicrobial 
properties. 

 Hydroxyapatite is commonly used to coat the 
interosseous segments of implants, supporting 
direct bone integration and mineralization of the 
implant surface [ 59 ] as well as reducing foreign 
body reactions and bacterial adhesion [ 60 ,  61 ], 
the evidence suggests, however, that it does not 
appear to confer any benefi t in the prevention of 
PJI [ 62 ,  63 ]. 

 Metal ions such as iron, zinc, titanium, carbon 
and silver have broad-spectrum antibacterial 
properties, reducing microbial adhesion and 
proliferation, whilst enhancing osteoblastic 
integration [ 64 – 67 ]. The use of coatings that take 
advantage of these properties might aid in the 
prevention of PJI. Indeed mid-term trial results 
where oncology patients underwent two-stage 
exchange arthroplasty with silver treated implants 
demonstrated lower rates of PJI compared with 
matched controls [ 68 ]. No study has yet 
investigated the use of sliver-coated prostheses in 
low risk primary procedures, but there may be a 
role for using such implants in higher risk primary 
and revision procedures. 

 Only one implant is commercially available 
that utilizes these properties, by incorporating 
silver ions into the surface of the prosthesis [ 69 ], 
protecting the implant from infectious organisms 
[ 67 ]. There are several postulated mechanisms by 
which this may work, including the active 
disruption of bacterial amino acids or DNA with 
subsequent enzyme and critical cellular 
dysfunction, through alterations to the cellular 
membrane and receptor function inhibiting 
bacterial replication, or by organism destruction 
via hydroxyl-radical formation [ 70 ]. 

 An alternative mechanism for PJI prevention 
through modifi cations to the prosthesis is by the 
addition of antibiotics or antibiofi lm coatings. 
Although still in their early developmental stages, 
these strategies give a glimpse into the future of 
infection prevention. 

 Antibiotics may be added to, and released from, 
the implant surface in a number of ways [ 71 – 73 ] 
creating a high concentration of antibiotics at the 

bone-implant or cement-implant interface, theo-
retically preventing bacterial adhesion, coloniza-
tion and biofi lm formation [ 74 – 77 ]. Such high 
local concentrations of antibiotics cannot be 
achieved via systematic routes without complica-
tions and toxicity [ 78 ,  79 ]. Clinical trials have still 
not been undertaken to assess the effi cacy of this 
method of prevention of PJI. 

 There are several methods of local antibiotic 
therapy that are currently in use. These techniques 
aim to release high levels of antibiotics over a 
prolonged period of time, preventing bacteria 
from establishing a biofi lm, before the antibiotic 
concentration falls to a sub-inhibitory level [ 80 ]. 
These methods are rarely utilized in primary 
elective arthroplasty, and are mostly reserved for 
revision procedures where there is established 
PJI. Notwithstanding this, biodegradable options 
may have a role in primary procedures as they do 
not require further surgery in order to be removed, 
in contrast to non-biodegradable alternatives. 

 Cancellous allograft bone impregnated with 
microbe-specifi c antibiotics has long been used 
in this way [ 81 ]. The bone graft becomes 
integrated into the surroundings whilst the 
antibiotics are eluted in a controlled manner. A 
variety of antibiotics can be used; vancomycin 
has been shown to be signifi cantly better than 
tobramycin, and rifampicin can be released for 
up to 21 days [ 82 ,  83 ]. 

 Bovine collagen sponge can also be 
impregnated in gentamicin and used to form a 
fl eece to surround the implant, enabling a 
controlled release of gentamicin; a peak in 
concentration is seen within the fi rst 48 h and the 
sponge is fully resorbed by 2 weeks [ 84 ,  85 ]. 
This technique has been used successfully in the 
treatment of septic arthritis, open fracture fi xation 
and PJI, however some studies have noted 
increased rates of infection following its use and 
again, its role in the prevention of PJI has not 
been ascertained unequivocally [ 86 – 89 ]. 

 Fewer side-effects have been noted from the 
use of a disposable antibacterial coating (DAC), 
which is currently undergoing level 1 trials in 
Europe [ 90 ]. DAC is a biodegradable hydrogel 
with antibacterial and antibiofi lm properties, 
which releases high concentration of antibiotics 
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at the point of application [ 91 ]. It can be applied 
to the femoral components in uncemented hip 
prosthesis, or even upon the wound during 
closure.  In vitro  studies demonstrate that the 
antibiotics are released for up to 96 h [ 92 ].  

    Cemented Prostheses 

 Cemented implants require polymethyl-
methacrylate (PMMA) cement, which has a role 
in PJI prevention. The cement itself does not 
possess any inherent antibiotic properties, as its 
action is solely to secure the implant in position; 
however, the addition of antibiotics to the 
cement has demonstrated a reduction in PJI 
rates during primary elective arthroplasty [ 93 , 
 94 ]. The antibiotic of choice depends upon local 
guidelines, but should provide broad spectrum 
antibacterial cover. The most commonly used 
antibiotics are gentamicin and tobramycin (tar-
geting both gram-negative and some gram-posi-
tive bacteria) and vancomycin (with activity 
exclusively against gram-positive bacteria) [ 79 , 
 95 ]. During revision procedures for an infective 
source, the choice of antibiotic will depend 
upon preoperative microbiological susceptibil-
ity patterns. 

 Despite the theoretical advantage of using 
antibiotic impregnated cement in preventing PJI 
in primary arthroplasty, the clinical evidence is 
mixed. The Norwegian registry demonstrated a 
lower relative risk for a PJI with antibiotic- 
impregnated cement, compared with uncemented 
implants; the Swedish hip arthroplasty registry, 
however, failed to demonstrate any difference in 
rates of revision due to infection in uncemented 
versus cemented total hip arthroplasty [ 96 ,  97 ]. 

 The matter is complicated further by the 
perception that addition of antibiotics may 
compromise the mechanical properties of the 
cement; this has been demonstrated in some  in 
vitro  studies, but refuted in others [ 95 ,  98 ,  99 ]. 
There has also been speculation that the overuse 
of antibiotics in cement may lead to the selection, 
and proliferation, of antibiotic-resistant bacteria 
and therefore that it may not be justifi able to use 
antibiotic-impregnated cement in low risk 

patients undergoing primary procedures. In light 
of this speculation, some practitioners advocate 
that only higher risk patients should receive 
antibiotic-impregnated cement; this would 
include immunosuppressed patients and those 
with diabetes, rheumatoid arthritis and 
malnutrition [ 99 ,  100 ]. 

 With such confl icting information and divided 
opinions, it currently remains the orthopaedic sur-
geon’s decision whether to use antibiotic- 
impregnated cement or not. This decision should 
take into consideration their local factors – policies, 
PJI rates, bacterial epidemiology and susceptibili-
ties, patient co-morbidity and immunosuppression, 
and personal clinical experience. 

 There are alternative, or even additional strate-
gies to achieve local delivery of antibiotic other 
than via the bone-prosthetic interface or antibi-
otic-impregnated cement,: placement of antibi-
otic-impregnated synthetic calcium pellets onto 
the wound prior to closure, irrigation of the soft 
tissue with diluted antibiotics, or use of an antibi-
otic intra-wound powder have all been described 
[ 101 – 103 ]. Calcium pellets have been shown to 
remain within the wound for 3 months, enabling 
the prolonged release [>30 days] of therapeutic 
concentrations of antibiotics, typically vancomy-
cin [ 101 ,  104 ].   

    Wound Management 

    Closure 

 Following the insertion of the implant, purposeful 
wound closure must be undertaken to help reduce 
the risk of deep PJI by creating a physical barrier 
to infection. Inappropriate wound closure can 
result in an abundance of dead-space or direct 
communication of the implant with the external 
environment, resulting in higher PJI rates. The 
presence of a haematoma, dead-space and 
unnecessary foreign bodies within the wound all 
may act as a nidus for infection, and every effort 
must be undertaken to limit these insults. Closure 
of the wound should be undertaken in a systematic 
manner from deep to most superfi cial layer, clos-
ing all fascial planes.  
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    Suture Material 

 A variety of suture materials is available for 
closure, and choices include single or multi- 
fi lament, absorbable or non-absorbable, and plain 
or antibiotic-impregnated. Several studies advise 
against the use of non-absorbable sutures as they 
can act as a foreign body and therefore increase 
the risk of infection [ 105 ,  106 ]. 

 The use of antiseptic-impregnated sutures may 
have a role in preventing PJI. Coated vicryl plus 
(polyglactin 910) sutures utilise triclosan, a broad-
spectrum antiseptic effective against  Staphylococcus 
aureus  (including MRSA) and  Staphylococcus epi-
dermidis , to reduce bacterial adherence and viabil-
ity [ 107 – 110 ]. Use of these sutures has been shown 
to reduce surgical site infections following general 
surgical procedures, cerebrospinal-fl uid shunt-
implantation and cardiothoracic surgery [ 111 – 115 ]. 
Although no randomised control trial has yet for-
mally determined the role for impregnated sutures 
in orthopaedic surgery, benefi t would seem likely 
since surgical site infections are a known risk factor 
for development of PJI.  

    Wound Drains 

 Operative drains are used to reduce post-operative 
haematoma formation, but may also provide a 
portal of entry for bacteria into the wound; the 
advantage of draining such collections, therefore, 
needs to be balanced against the potential 
increased risk of PJI [ 116 ]. Reassuringly, a meta- 
analysis pooling the results of 18 studies demon-
strated no signifi cant difference between wounds 
treated with a drain and those without, with 
respect to superfi cial or deep infections, wound 
haematoma, or reoperations for wound complica-
tions [ 117 ]. However, given the associated risks it 
is recommended that drains be removed within 24 
h after total joint arthroplasty [ 118 ,  119 ].  

    Dressings 

 Following closure, operative wounds should be 
protected with sterile dressings. Various such 

dressings are available, acting to preserve the 
sterile fi eld for prolonged periods. The ideal 
dressing should be able to absorb excess exudate 
from the wound, whilst maintaining a moist 
environment and preventing postoperative 
contamination. The post-operative wound 
environment is ideal for healing via growth factor 
proliferation and subsequent growth and 
migration of fi broblasts, endothelial cells and 
keratinocytes, yet it is also a favourable 
environment for microbial colonization. 

 Inappropriate dressing and wound care can 
lead to high infection rates [ 120 ]. A systematic 
review of the literature identifi ed no single 
postoperative dressing regimen as being superior 
to others for hip and knee arthroplasty wounds; 
however, one study demonstrated Aquacel and 
Tegaderm dressing to be almost 6 times more 
likely to result in a wound with no complications 
compared with Cutiplast, irrespective of patient 
co-morbidity [ 120 ,  121 ]. 

 Dressings vary widely in their features; they may 
allow the movement of air, be completely water-
proof, or provide negative pressure as seen with 
PICO dressings (Smith and Nephew Healthcare, 
Hull, United Kingdom). Such single- use negative 
pressure wound therapy devices are placed upon the 
closed incision and encourage angiogenesis, growth 
of granulation tissue, removal of exudate and reduc-
tion of bacterial bioburden. Early fi ndings have 
demonstrated promising improvements in surgical 
site infection rates following primary and revision 
joint arthroplasty [ 122 – 125 ]. 

 Irrespective of the type of dressing adopted, 
dressings should be left undisturbed for as long 
as possible to maintain the sterile micro- 
environment. However, the critically important 
caveat to this is that inspection is mandatory if 
signifi cant wound discharge is present.      
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      Prevention of Periprosthetic Joint 
Infection: What Is the Current 
Evidence?                     

     Simon     S.     Jameson      and     Mike     R.     Reed     

    Abstract  

  Periprosthetic joint infection is a disastrous complication following rou-
tine joint replacement surgery. The cause is often multi-factorial. In order 
to minimise risk, a team-based approach should be followed to optimise 
modifi able patient risk factors and adhere to best surgical practice, 
informed by robust evidence. This chapter discusses the current best 
evidence.  

  Keywords  

  Surgical site infection   •   Periprosthetic joint infection  

      Introduction 

 Periprosthetic joint infection (PJI) is a major, but 
infrequent complication of arthoplasty surgery 
and is associated with substantial morbidity and 
economic cost [ 1 – 3 ]. A number of patient, surgi-
cal and environmental specifi c risk factors may 
contribute to the development of a PJI [ 4 ,  5 ] 
(Table  4.1 ). The common pathogenic organisms 
responsible for orthopaedic SSIs are shown in 

Fig.  4.1  [ 6 ]. In this chapter we discuss the current 
evidence for best surgical practice to reduce the 
risk of PJI.

        Modifi able Patient Risk Factors 

 Patient-related factors, such as diabetes mellitus 
(DM) and rheumatoid disease (RA), are modifi -
able and certain aspects of management can be 
optimised to reduce infection. 

    Diabetes Mellitus 

 Wound infection has been shown to be more com-
mon in patients with diabetes after arthroplasty, 
and in non-diabetic patients who developed 
 transient post-operative hyperglycaemia [ 7 ]. 
Hyperglycaemia is associated with increased 
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monocyte susceptibility to apoptosis [ 8 ] and 
impaired neutrophil function (impaired chemo-
tactic, phagocytic and bactericidal capability) [ 9 ]. 
Blood glucose levels above 11.1 mmol/l are asso-
ciated with SSIs in cardiac surgery [ 10 ], and in 
general surgical patients immediate post- operative 
hyperglycaemia is associated with SSI [ 11 ]. The 
potential to improve  in vivo  neutrophil phagocytic 
function by aggressive glucose control (using 
infusion delivery) has also been demonstrated in 
cardio-pulmonary bypass patients [ 12 ]. However, 

the effect on SSI is likely to be modest – a recent 
large study of 40,000 patients undergoing knee 
replacement found no additional risk for patients 
with either controlled or uncontrolled diabetes, 
compared to non diabetics [ 13 ].  

    Rheumatoid Arthritis 

 RA is an independent risk factor for infection in 
arthroplasty, but also for revision and subsequent 
re-infection. This is especially signifi cant as RA 
patients often present earlier for arthroplasty. 

 Local and systemic corticosteroids have been 
shown to delay wound-healing, increase the risk 
of wound infection [ 14 ] and cause adrenal insuf-
fi ciency. A recent Cochrane review has ques-
tioned the historical practice of providing 
long-term users with additional perioperative ste-
roids (which may amplify immunosuppression at 
time of surgery) [ 15 ]. 

 Although disease-modifying antirheumatic 
drugs (DMARDs) increase the risk of pros-
thetic joint infection [ 5 ], the British Society for 
Rheumatology (BSR) guidelines suggest that 
in most cases these should not be stopped prior 
to joint replacement [ 16 ]. Methotrexate is a 
 commonly used fi rst-line drug [ 17 ] and, despite 
its inclusion within the DMARD group, is not 
considered by some authors to increase wound 
infection risk and should not be discontinued 

   Table 4.1    Risk factors for surgical site infection   

 Patient factors  Operative factors 

  Systemic :  ASA score >2 

 Obesity  Long duration 

 Diabetes  Poor surgical technique 

 Immunosuppression  Contaminated or dirty wound 

 Smoking  Lack of systemic antibiotic prophylaxis 

 Rheumatoid arthritis  Lack of local antibiotics/antiseptic 

 Psoriasis  Hypothermia 

 Poor nutritional status  Poor diabetic control 

 Advanced age  MSSA/MRSA colonisation 

  Local : 

 Previous arthroplasty 

 Arthroplasty following fracture 

 Type of joint 

 Peri-operative wound complications 

  Fig. 4.1    Micro-organisms reported as causing SSIs (all 
orthopaedic patients, England).  SSI  surgical site infection, 
 MSSA  methicillin-sensitive  Staphylococcus aureus , 
 MRSA  methicillin-resistant  Staphylococcus aureus  
(Adapted with permission from the Health Protection 
Agency)       
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prior to orthopaedic surgery [ 18 ]. Other ran-
domised trials show a clear reduction in risk 
when methotrexate is stopped prior to joint 
replacement [ 19 ]. However, nitrous oxide 
should be excluded from the anaesthetic regi-
men as the interaction can induce immuno-
suppression [ 20 ]. 

 Tumour necrosis factor (TNF)-alpha is an 
infl ammatory cytokine (highly concentrated in 
the synovial tissue of RA patients) implicated in 
joint destruction [ 21 ]. Any increase in risk of 
infection in patients who received anti-TNF ther-
apy prior to surgery is debatable [ 22 ,  23 ]. The 
BSR state that the potential benefi t of preventing 
post-operative infections (by stopping treatment) 
should be balanced against the risk of a peri- 
operative disease fl are. If anti-TNF therapy is to 
be withheld, it should be discontinued 5–20 days 
before surgery (3–5 times the drug half-life), 
restarting when there is good wound healing and 
no evidence of infection [ 24 ]. 

 The recent consensus statement on PJI recom-
mends all disease-modifying drugs should be 
stopped prior to surgery – specifi cally methotrexate 
should be stopped a week before surgery, and recom-
menced 2 weeks after surgery [ 25 ]. The authors dis-
cuss each case with the rheumatology team.  

    Patient Weight and Obesity 

 The effect of obesity (body mass index, BMI 
≥30 kg/m 2 ) on SSI is well documented [ 26 ]. 
Self- reported wound complications and reopera-
tions after hip replacement are 1.5–3 times 
higher in obese patients [ 27 ] and there is a 3–7 
times higher risk of PJI [ 28 ,  29 ]. Increased 
length and complexity of surgery and poorer 
vascularisation of the subcutaneous layer may 
contribute to this elevated risk. Obese patients 
also require a signifi cantly higher fraction of 
inspired oxygen (FiO 2 ) to reach an adequate 
arterial oxygen level [ 30 ]. In super obese patients 
(≥50 kg/m 2 ) bariatric surgery may be indicated. 
In patients that underwent both bariatric surgery 
and lower limb arthroplasty, the wound infection 
rate was 3.5 times lower in patients who had bar-
iatric surgery fi rst [ 31 ]. Communication with the 

anaesthetist to evaluate the risk and to discuss 
increased doses of peri-operative antibiotics is 
recommended [ 32 ]. 

 Low BMI (<18 kg/m 2 ) may also increase the 
risk of PJI, most likely as a result of poor nutri-
tion [ 29 ]. As with obese patients, referral to a 
dietician may be necessary prior to surgery.  

    Smoking 

 Smoking is associated with impaired wound 
healing and infection [ 33 ]. Patients ran-
domised to a cessation programme 6–8 weeks 
prior to arthroplasty had significantly fewer 
wound complications (5 % vs. 31 %), shorter 
length of stay, fewer re-operations and cardio-
vascular benefits [ 34 ]. A large non-randomised 
study found a 3.2 times greater risk of devel-
oping wound complications in patients who 
smoked [ 35 ].  

    Screening for and Decolonisation 
of  Staphylococcus aureus  

 The costs associated with treatment of infections 
due to methicillin-resistant organisms are 1.5 
times higher compared to sensitive organisms 
[ 36 ]. A methicillin-resistant  Staphylococcus 
aureus  (MRSA) screening programme for all 
planned NHS surgery was implemented in April 
2009, with a positive result prompting decoloni-
sation prior to admission. 

 Nasal carriers of methicillin-sensitive 
 Staphylococcus aureus  (MSSA) also have an 
increased risk of SSI. In a large, randomised, 
multi-centre trial, the risk of developing a 
 S. aureus  infection in MSSA-carrier patients 
who were decolonised on admission to hospital 
(mupirocin nasal ointment and chlorhexidine 
soap) fell by nearly 60 % compared with pla-
cebo – a signifi cant reduction from 7.7 to 3.4 % 
[ 37 ]. Nasal carriage of MSSA is common 
(~20 %) [ 37 ] and UK hospitals are beginning to 
decolonise patient carriers prior to joint replace-
ment – this has been demonstrated to be cost 
effective [ 38 ].  
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    Other Considerations 

 Urogenital and periodontal foci of infection are 
important sources for haematogenous spread of 
sepsis and must be eradicated prior to joint 
replacement [ 39 ]. Pre-operative serum albumin 
levels of less than 3.5 g/dl also increase the risk 
of post-operative infection [ 40 ].   

    Pre-operative Phase Surgical Risk 
Factors 

    Patient Preparation Prior to Theatre 

 Admission to hospital prior to surgery should 
ideally be the same day to reduce the risk of col-
onization of the patient’s skin with possibly 
resistant hospital-acquired bacterial strains. 
Patients should shower with soap on the morning 
of surgery [ 41 ]. Washing with an antiseptic 
reduces skin bacteria (microfl ora), but there is 
little evidence of a reduction in risk of SSI [ 42 , 
 43 ]. There is no evidence that removing hair 
reduces the risk of SSI [ 44 ]. Dry shaving with a 
razor may irritate the skin and increase the bac-
terial count so if hair removal is necessary, elec-
tric clippers or depilatory creams on the day of 
surgery are favoured [ 41 ,  45 ]. 

 Patients should be pre-warmed prior to sur-
gery, to avoid hypothermia during the operation 
and particularly in recovery [ 46 ,  47 ]. A UK ran-
domised trial published in the Lancet demon-
strated pre-warming reduces the risk of infection 
by approximately 65 % in clean surgery [ 48 ].  

    Antibiotic Prophylaxis 

 The role of parenteral prophylactic antibiotics 
has been studied and accepted across most surgi-
cal specialties [ 49 ,  50 ], and may be the single 
most signifi cant factor in the prevention of deep 
wound infection following lower limb arthro-
plasty [ 51 ]. 

 Although many different groups of antibiotics 
can be used for prophylaxis, there is insuffi cient 
evidence of a signifi cant difference in the effi cacy 

of cephalosporins, teicoplanin or penicillin- 
derivatives, or a benefi t of one generation of 
cephalosporins over another [ 52 ]. Cephalosporin 
use has been associated with  Clostridium diffi cile  
colitis, especially in the elderly, but rates are low 
after joint replacement (1.7 per 1000 replace-
ments) [ 53 ]. 

 Aminoglycosides, such as gentamicin, can be 
administered locally (in the cement) or parenter-
ally. In a review of 15,000 primary total hip 
replacements from the Norwegian Arthroplasty 
Register the lowest risk of revision was found in 
patients who received both systemic and local (in 
cement) antibiotics [ 54 ]. Although there were no 
signifi cant differences in superfi cial wound infec-
tion, a meta-analysis examining the benefi t of 
antibiotic-laden bone cement (ALBC) in over 
6000 arthroplasties identifi ed a lower deep infec-
tion rate [ 55 ]. ALBC is used in primary arthro-
plasties throughout Europe but only approved for 
use in revision arthroplasty after PJI in North 
America. Despite concerns, there remains no 
good evidence of changing microbial profi les and 
greater resistance following routine prophylactic 
use of ALBC [ 56 ]. Preventing deep infection 
with antibiotic prophylaxis and ALBC has shown 
improvements in health outcomes among hospi-
talized patients, with reduced mortality risk and 
lower costs [ 57 ]. 

 The National Institute for Health and Care 
Excellence (NICE) recommends a single intrave-
nous dose of antibiotic prophylaxis on starting 
anaesthesia, with a repeat dose if the operation is 
longer than the half-life of the antibiotic, or if 
blood loss is a signifi cant [ 58 ]. The American 
Academy of Orthopaedic Surgeons (AAOS) state 
that the administration of antibiotic should pre-
cede the skin incision by 1 h and duration of pro-
phylaxis should not exceed the 24 h. Rates of 
infection have been found to be lowest for 
patients who received an antibiotic within 2 h of 
the incision [ 49 ], and there was no difference 
between 1- and 3-day courses of prophylactic 
antibiotics in terms of deep-infection rate [ 59 ]. In 
over 32,000 major procedures (including THR 
and TKR), risk of SSI was not signifi cantly asso-
ciated with prophylactic antibiotic timing [ 60 ]. 
Administration of antibiotics as early as possible 
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in the anaesthetic room, and well before (at least 
5 min) tourniquet infl ation (in order to limit any 
further rise in tissue antibiotic concentration) 
seems logical [ 61 ]. 

 Unfortunately, there are risks of prophylaxis 
and there is a delicate balance between reducing 
risk of SSI and the adverse effects of antibiotics, 
such as anaphylaxis, interactions with other drugs 
and antibiotic-associated diarrhoea, including 
Clostridium diffi cile (CDAD) and thrush. 
However, whilst recommended antibiotic prophy-
laxis has shifted from cephalsporins to dual ther-
apy in order to reduce the incidence of CDAD, 
data suggests acute kidney injury is higher and 
SSI has remained unchanged [ 62 – 65 ]. 

 The choice of antibiotic should take into 
account resistance patterns and cover micro- 
organisms most likely to cause SSI. Patients 
undergoing high-risk surgery who are MRSA 
positive should receive a suitable antibiotic active 
against local strains of MRSA. The combination 
of vancomycin and cefazolin appear to reduce the 
incidence of MRSA infections, but the number 
needed to treat to prevent a single MRSA infec-
tion is very high [ 66 ]. Another study of over 6000 
joint replacements concluded that Gentamicin 
4.5 mg/kg alone should not be used as prophy-
laxis for primary joint arthroplasty as it did not 
reduce CDAD signifi cantly but increased the risk 
of other postoperative complications [ 67 ]. 

 The most suitable prophylaxis should be the 
most-narrow spectrum to cover the most com-
mon organisms and should be cost-effective. A 
team-based approach to antibiotic prophylaxis 
policy is desirable, with knowledge of evidence 
and information about resistance and drug costs 
informing recommendations about specifi c drug 
regimens.   

    Peri-operative Phase Surgical Risk 
Factors 

    Theatre Etiquette 

 The World Health Organisation recommends that 
all surgical staff should keep doors to the operating 
room closed, except as needed for the passage of 

equipment, personnel and the patient. Staff should 
store essential equipment in the operating room to 
decrease theatre traffi c [ 68 ]. Frequency of theatre 
door-opening is a positive predictor of raised bacte-
rial counts [ 69 ]. The International Consensus on 
Periprosthetic Joint Infection Meeting in 2013 reit-
erated the importance of this: of the 207 questions 
asked, only the question ‘should operating room 
traffi c should be kept to a minimum?’ received a 
unanimous vote with 100 % agreement among the 
assembled 400 international PJI experts [ 25 ]. 

 Although chlorhexidine gluconate has not 
been demonstrated to reduce SSI rates, it is asso-
ciated with a more prolonged and effective reduc-
tion in colony forming units following surgical 
hand scrub than povidone-iodine. Alcohol rub 
used in preparation for surgery may be as effec-
tive as hand scrubbing in preventing SSIs [ 70 ]. 
There is no evidence to suggest that any particu-
lar alcohol rub is better than another [ 71 ,  72 ].  

    Surgical Site Preparation in Theatre 

 Skin moisturisers appear to inhibit the ability of 
aqueous preparations to decolonise the skin, and 
may increase skin bacteria counts. Avoidance of 
oil based moisturisers and de-greasing with alco-
hol pre-wash is recommended [ 73 ]. 

 A large randomised trial of 849 patients under-
going clean-contaminated surgery in which pre-
operative skin preparation was performed with 
either 2 % chlorhexidine-alcohol or aqueous 
povidone-iodine and paint found that the rate of 
SSI was signifi cantly lower in the chlorhexidine- 
alcohol group [ 74 ]. However, when 41 variables 
were examined in over 4000 cardiac patients, risk 
of SSI was not infl uenced by skin preparation 
(alcohol betadine or chlorhexadine) [ 75 ]. There 
are currently a number of ongoing clinical trials 
examining the infl uence of skin preparations 
[ 76 ]. Further data are likely to emerge in the next 
few years but the current evidence for skin prepa-
ration in joint replacement is limited. NICE sup-
port the use of either povidone-iodine or 
chlorhexidine, but state that alcohol-based solu-
tions may be more effective than aqueous solu-
tions [ 44 ].  
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    Theatre Design 

 Airborne contaminants are said to be the largest 
single contributor to infection [ 77 ]. One billion 
skin cells are shed daily per person [ 78 ] with up 
to 10 % carrying bacteria [ 79 ]. For orthopaedic 
surgery, laminar-fl ow ventilation systems have 
been advocated although they are not in universal 
use. These employ high-effi ciency particulate air 
fi lters where particles greater than 0.3 μm are 
removed (5 μm for conventional theatres). Ultra- 
clean air can reduce bacterial and particle con-
centrations [ 80 ]. Evidence from the past supports 
ultra-clean air in conjunction with prophylactic 
antibiotics to reduce infections after joint arthro-
plasty [ 81 ]. There is no dispute that the air within 
an effective laminar fl ow theatre is extremely 
clean. However, more recent evidence has ques-
tioned the benefi t. Brandt et al. found laminar 
fl ow to have no protective effect against SSI in 
99,230 patients [ 82 ]. When 88,311 arthroplasty 
patients from the New Zealand joint registry 
where analysed, revision rates for deep infection 
were signifi cantly higher in laminar fl ow the-
atres, despite adjustment for other known vari-
ables [ 83 ]. A systematic review of 123,788 joint 
replacements found laminar fl ow did not reduce 
the occurrence of SSI [ 84 ]. However, before 
abandoning laminar fl ow the interaction with 
forced air warming should be examined. A recent 
study demonstrated that air from outside the can-
opy may be drawn into the surgical wound area 
when forced air warming (FAW) devices are 
used, and deep infection rates were reduced when 
FAW was abandoned in favour of contemporary 
conductive fabric warming in joint replacement 
[ 85 ]. The infection control hazards associated 
with forced air warming have recently been col-
lated and many units, including the authors’, use 
alternative warming systems [ 86 ].  

    Operating Personnel Clothing 

 NICE recommends double gloving in arthroplasty 
surgery [ 87 ]. Glove perforation increases the risk 
of transmission of blood-borne diseases and 
breaks the asepsis barrier, potentially allowing 
contamination of the wound and thus increasing 

the risk of infection [ 88 ,  89 ]. Studies have shown 
that use of a blunt needle compared to sharp nee-
dle during surgery reduces glove perforation rates 
signifi cantly [ 90 ,  91 ]. Most perforations are unno-
ticed (61.5 %) and are caused by shearing rather 
than penetration by sharps [ 88 ]. A Cochrane sys-
tematic review supported the use of double glov-
ing, despite no evidence of a reduction in SSI 
[ 92 ]. Surgical teams should use scrub staff assisted 
closed gloving to reduce the risk of gown con-
tamination [ 93 ]. Glove changing at regular inter-
vals is an effective way to decrease the length of 
exposure to bacterial contamination [ 89 ]. Latex-
free gloves have signifi cantly higher perforation 
rates when compared with latex gloves [ 94 ]. 

 Modern space suits contribute to a higher revi-
sion rate for infection compared with a normal 
theatre gown and mask, when analysed indepen-
dently of laminar fl ow [ 83 ].  

    Surgical Drapes 

 If an incise drape is to be used, NICE recommend 
that an incise drape impregnated with iodophore 
should be placed unless the patient has an iodine 
allergy. Although a Cochrane review concluded 
that these drapes did not make any difference to 
infection rates [ 95 ], only one trial involved ortho-
paedic surgery, which showed no difference in 
post-operative wound infection rates following 
hip fracture surgery with or without non- 
impregnated Opsite (Smith & Nephew Wound 
Management, Hull, United Kingdom) [ 96 ].  

    Surgical Equipment 

 Commonly used equipment can become desteril-
ised in the theatre environment during a proce-
dure, and may be a source of surgical fi eld 
contamination. Davis et al. found contamination 
rates of 11.4 % for sucker tips, 9.4 % for skin 
(outside) blades, 3.2 % for inside blades, 28.7 % 
for outside gloves used for preparation and drap-
ing the patient and 14.5 % for light handles within 
the laminar fl ow zone [ 97 ]. 

 Pulsatile lavage removes between 57 and 87 % 
of all organisms from wounds [ 98 ,  99 ]. When 
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combined with 0.05 % chlorhexidine its effi cacy 
can be increased to 98 % and was responsible for a 
0.45 % infection rate after hip replacement at one 
unit [ 100 ]. A randomised trail of dilute betadine 
solution irrigation has shown reduction of SSI in 
spinal surgery [ 101 ] and a recent cohort study sup-
ports its use in arthroplasty surgery [ 102 ].  

    Body Core Temperature 

 Peri-operative hypothermia is common during major 
surgery and causes vasoconstriction resulting in a 
reduction in subcutaneous tissue perfusion, and an 
increased risk of infection [ 103 ]. Peri-operative 
hypothermia is associated with increased blood loss, 
cardiac events, increased transfusion requirements 
and longer peri- operative hospital stay [ 104 ]. Heat 
loss in theatre is largely conductive and convective, 
with a small amount of radiated heat. Laminar fl ow 
signifi cantly increases convective heat loss in 
exposed patients, mitigated by active warming. 

 Warming patients undergoing clean general 
surgery signifi cantly reduced wound infection 
from 14 to 5 % [ 48 ]. In a further general surgery 
study, when patients were randomized to either 
hypothermia or normothermia the trial had to be 
stopped prematurely due to the profound treatment 
benefi t of normothermia (SSI at 2 weeks: 5.8 % vs. 
18.8 %). A similar report of cholecystectomy 
patients found nearly a six-fold difference in the 
incidence of wound infection between normother-
mic and hypothermic patients [ 105 ]. The impor-
tance of maintaining perioperative normothermia 
has been recognised in the recent NICE guidelines 
[ 106 ]. However, it is notable that FAW has never 
been proven to reduce SSIs in orthopaedic implant 
surgery, and their effect on laminar fl ow and clean 
air needs further study [ 86 ].  

    Oxygen Delivery and Fluid 
Management 

 Increasing tissue oxygen concentrations has been 
hypothesised to increase the killing potential of 
phagocytes and thus decrease infective complica-
tions in the perioperative period [ 107 ]. 
Enhancement of tissue oxygen delivery can be 

achieved via improvement of cardiac output and/
or oxygen content of the blood. Increased subcu-
taneous oxygen concentrations can be achieved 
by increasing the inspired oxygen concentration 
intra-operatively (from 30 to 80 %), and by pro-
viding supplemental oxygen post-operatively. 
There are studies supporting the use of supple-
mental oxygen to reduce wound infections in 
general surgery, but these have never been extrap-
olated to arthroplasty surgery [ 108 – 110 ]. 

 Both hypovolaemia and hypervolaemia 
(oedema) can be detrimental to tissue oxygen-
ation. Current guidance would support optimal 
tissue oxygenation by maintenance of a normo-
volaemic state throughout the peri- and early 
post-operative period by judicious use of intrave-
nous fl uids [ 111 ,  112 ].  

    Anaesthetic Technique 

 The question of whether regional anaesthesia is 
superior to general anaesthesia has yet to be ade-
quately assessed, although a recent retrospective 
population based study found signifi cantly lower 
30-day SSI rates in patients undergoing lower 
limb arthroplasty under a spinal anaesthetic [ 113 ]. 
An RCT examining the potentially benefi cial 
effect of nitrous oxide avoidance failed to show a 
reduction in SSI. Co-administered anaesthetic 
and sedative agents may impair immune responses 
directly, thereby increasing infection [ 114 ], and 
regional anaesthesia may offer particular benefi ts 
such as improved tissue oxygen delivery (through 
vasodilation). Randomised controlled trials are 
required to address whether choice of agent (such 
as use of an alpha2 adrenergic versus GABAergic 
sedative) affects outcome [ 114 ,  115 ] 

 A recent systematic review and meta-analysis 
found a signifi cant advantage of haemodynamic 
goal-directed fl uid therapy on surgical site infection 
rates, based on 3550 patients in 18 RCTs [ 116 ].  

    Anaemia and Blood Transfusion 

 In a prospective cohort study preoperative anae-
mia was associated with increased postoperative 
infections in patients undergoing hip arthroplasty. 
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This effect was associated with an increase in 
postoperative blood transfusion [ 117 ]. 

 There are no specifi c recommendations from 
NICE regarding transfusions. Though it is clear 
blood loss is primarily a surgical responsibility, 
regional anaesthetic techniques and attention to 
perioperative normothermia are associated with 
reduced blood loss. Transfusion-related immuno-
modulation is recognised in trauma patients 
[ 118 ], with a 5 % increase risk of infection for 
every unit of red cells given [ 119 ]. A signifi cant 
increase in infection rates following hip replace-
ment is seen in patients receiving allogeneic 
RBCs, with higher risk with more units trans-
fused [ 120 ]. There is clearly a risk-benefi t bal-
ance between immunosuppression and enhancing 
oxygen supply to hypoperfused tissue. If possi-
ble, blood transfusion should be avoided intra- 
operatively [ 121 ] and, if anticipated, should be 
administered at least 48 h prior to surgery to 
maximise oxygen transportation of transfused 
blood. Addressing pre-operative anaemia reduces 
postoperative transfusion requirements [ 122 ]. 

 The use of antifi brinolytics, such as tranexamic 
acid, prevent blood loss following major arthro-
plasty [ 123 ]. Although there is insuffi cient data 
to comment on their ability to prevent postopera-
tive infection, they may indirectly reduce the risk 
by reducing transfusion requirement and improv-
ing the wound environment. 

 Recent evidence suggests that white cell 
depleted blood reduces infection risk compared 
to normal blood [ 124 ], and red blood cell transfu-
sions in the UK are routinely fi ltered.  

    Surgical Factors 

 Prolonged operating time, refl ecting the com-
plexity of surgery or the inexperience of the sur-
geon, may increase the risk of infection. However, 
when adjusted for confounding factors such as 
BMI and diabetes this effect is modest with an 
increased risk of only 7 % for every additional 
15 min [ 29 ]. 

 Closed suction drains are a potential entry 
point of infection, but there is no evidence of any 
association with wound infection risk [ 125 ]. 

There is also insuffi cient evidence to recommend 
that a particular wound dressing is more effective 
than others in reducing the rates of SSI [ 126 ].   

    Post-operative Period 

    Thromboembolic Prophylaxis 

 NICE guidelines state that patients undergoing 
lower limb joint replacements should have either 
prophylactic low molecular weight heparin 
(LMWH) or an orally active direct factor Xa 
inhibitor for 28 (or 35) days following hip arthro-
plasty and 14 days following a knee arthroplasty. 
No increased risk of infection was found with 
LMWH [ 127 ] but prolonged ooze is a recognised 
risk [ 128 ], and each day of prolonged wound 
drainage increases risk of wound infection by 
29–42 % following arthroplasty [ 128 ]. Wound- 
related complications following arthroplasty may 
increase in patients who receive rivaroxaban, a 
factor Xa inhibitor, for thromboprophylaxis 
[ 129 ].  

    Dental Care and Other Procedures 

 It has been suggested that patients requiring 
dental care post-arthroplasty should receive pro-
phylactic antibiotics [ 130 ]. Other authors argue 
that there is little evidence to suggest that bacte-
raemia associated with dental procedures causes 
prosthetic joint infection [ 131 ] – simple tasks, 
such as brushing teeth and chewing, can pro-
duce a greater bacteraemia than one dental pro-
cedure and it would be better practice for the 
surgeon to ensure dentition and oral health are 
up to standard prior to elective orthopaedic sur-
gery. Currently in the UK, the British Dental 
Association does not recommend antibiotics. 
The routine use of amoxicillin antibiotic pro-
phylaxis prior to dental procedures for patients 
with TJA may not be cost-effective in those 
where the risk of infection with dental work is 
low [ 132 ]. 

 Table  4.2  summarises the evidence for meth-
ods to reduce PJI.
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   Table 4.2    Methods for reducing surgical site infection in joint replacement   

 Risk factor  Summary 

  Patient factors  

 Diabetes 
mellitus 

 Aggressive glucose control 

 Rheumatoid 
arthritis 

 DMARDs and methotrexate should not be stopped 
 Peri-operative steroids are generally not required 
 Balance the risks and benefi ts of stopping anti-TNF – stop at 3-5 half lifes pre-operative, restart 
after wound healing and no evidence of infection 
 Nitrous oxide should be avoided in patients on methotrexate 

 Obesity  Dietician input to encourage weight loss 
 Adjust peri-operative antibiotic doses appropriately 
 In super-obese consider bariatric surgery prior to surgery 

 Smoking  Consider a smoking cessation programme 

 Carrier 
screening 

 MRSA and MSSA screening based on local guidelines, and decolonise prior to admission 

  Pre - operative factors  

 Patient 
preparation 

 Shower on day of surgery 
 If shaving required, use electric clippers on day of surgery 
 Avoid oil-based skin moisturisers 

 Antibiotics  Prophylactic antibiotics should be given as early as possible in the anaesthetic room, and 
continued for 24 h post-operatively (antibiotic type dependent on local guidelines) 
 Administer antibiotics at least 5 min prior to tourniquet infl ation 
 If cementation is required, antibiotic-impregnated should be used 

  Peri - operative factors  

 Theatre  Use laminar fl ow where possible 
 Keep theatre door opening to a minimum 

 Personnel  Hand wash with antiseptic surgical solution, using a single-use brush or pick for the nails 
 Before subsequent operations hands should be washed with either an alcoholic hand rub or an 
antiseptic surgical solution 
 Double glove and change gloves regularly 
 Polyprophylene non-woven gowns with adequate mask and hat coverage 

 Skin 
preparation 

 Use an alcohol pre-wash followed by a 2 % chlorhexadine-alcohol scrub solution 

 Anaesthetic  Maintain normothermia 
 Maintain normovolaemia 
 A higher inspired oxygen concentration peri-operatively and for 6 h post-operative may be of 
benefi t 

 Drapes  Use of iodine-impregnated incise drapes may be of benefi t (in patients without allergy) 

 Blood 
transfusion 

 Optimise pre-operative haemoglobin 
 If possible, transfusion should be avoided intra-operatively and if anticipated should be given 
more than 48 h prior to surgery 
 Antifi brinolytics may indirectly reduce SSI by reducing the need for transfusion 

  Post - operative factors  

 Dental 
procedures 

 Insuffi cient evidence to recommend the use of prophylactic antibiotics for patients undergoing 
routine dental procedures following joint replacement 

  Other  

 Surveillance  Initiatives have shown the benefi t of collecting and analysing data with appropriate feedback 
mechanism to prompt changes in practice [ 133 ] 

  Abbreviations:  DMARDs  disease-modifying anti- rheumatic drugs,  TNF  tumour necrosis factor,  MRSA  methicillin-
resistant  Staphylococcus aureus ,  MSSA , methicillin- sensitive  Staphylococcus aureus ,  SSI  surgical site infection  
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     Conclusion 

 A PJI following routine arthroplasty surgery 
can have disastrous consequences for the 
patient and is costly to healthcare providers. 
Given the wide variety of infection prevention 
tactics available a team-based approach is 
essential in order to reduce infection rates. 
Every possible step must be exercised to 
reduce contamination of the surgical wound 
and to optimise the patient’s capacity to eradi-
cate any colony forming units entering the 
wound. Common-sense approaches are 
required to minimise or correct physiological 
disturbances and attention should be given to 
theatre design and etiquette, identifi cation and 
control of MSSA carriers and the appropriate 
and timely use of prophylactic antibiotics. It is 
important to emphasize the need to educate the 
patient and all members of the healthcare team, 
and to increase awareness of the importance of 
their participation in preventive efforts.       
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    Abstract  

  Periprosthetic joint infection (PJI) is one of the most devastating compli-
cations after total joint arthroplasty (TJA). The number of TJAs and PJIs 
is increasing annually, and it is crucial for surgeons to reduce the burden 
of PJI. In order to effectively do this, an understanding of risk factors for 
developing PJI is critical for patient selection, instituting preventative 
measures, and performing preoperative medical risk optimization prior to 
elective surgery. Unfortunately, even with the absence of risk factors, PJI 
may still occur. The literature regarding PJI continues to evolve and hun-
dreds of studies and several PJI risk calculators have been generated in the 
last decade. As we identify new risk factors and enhance our understand-
ing of PJI, it will become increasingly important for surgeons to be cogni-
zant of these risk factors and institute methods to modify them. This 
chapter aims to succinctly review the current literature regarding preop-
erative risk factors, including both patient-related risk factors, such as 
comorbidities and demographics, and surgical factors.  
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      Introduction 

 The number of patients who receive a total joint 
arthroplasty (TJA) is growing annually (Fig.  5.1 ) 
[ 1 ], and now comprises a large population of 
patients over a broad spectrum of ages. This has 
led to a surge in both the number and complexity 
of periprosthetic joint infections (PJIs), a dreaded 
and costly complication of TJA [ 2 – 4 ]. The bur-
den on the patient and surgeon often includes 
 diffi culty diagnosing PJI, variable presentation of 
PJI post-arthroplasty, and multiple surgical inter-
ventions to effectively treat it. Furthermore, PJI 
places a large economic burden on the institution 
due to increased need for revision surgeries, as 
well as insuffi cient reimbursement for the 
 treatment of these patients. With interest in 
 alleviating the burden of PJI, many studies have 

been  conducted to identify patients who are at 
greatest risk for developing PJI (Fig.  5.2 ), based 
on comorbidities, previous surgeries, and demo-
graphic variables (Table  5.1 ). Understanding the 
risk factors, especially modifi able risk factors, 
associated with PJI are essential for patient selec-
tion, medical optimization, and prevention of 
future PJI. Furthermore, preoperative identifi ca-
tion of patients at risk for developing PJI is 
imperative for developing prophylactic strategies 
that will specifi cally target these patients.

     Because PJI is a relatively uncommon event, 
large sample sizes are needed to accurately assess 
the risk factors of PJI. Furthermore, there is 
 considerable overlap in the comorbidities and 
 variability in the literature regarding the  defi nition 
of PJI, which makes it even more diffi cult to eval-
uate risk factors. Thus, this chapter aims to 
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    Table 5.1    Existing PJI risk calculators   

 Bilimoria et al.  Bozic et al.  Berbari et al. 

 Database  NSQIP  Medicare  Institutional 

 Number of patients  1414006 (not specifi c 
to TJA) 

 53242  678 TJAs 

 Components: 

  Demographic factors   Age  Age  Female Sex 

 Gender  Race  BMI 

 Functional status  Height 

 Weight 

 Gender 

 Insurance 

  Surgical factors   Emergency case  Operation type (THA or TKA)  Prior operation 

 ASA class  Prior arthroplasty 

 Wound class  Procedure time 

  Comorbidities   Steroid use  Alcoholic abuse  Diabetes 

 Ascites  Anemia  Immunosuppression 

 Systemic sepsis  Cardiac arrhythmia  ASA score 

 Ventilator 
dependence 

 Cerebrovascular disease  Antibiotic prophylaxis 

 Disseminated cancer  COPD  Urinary tract infection 

 Diabetes  Chronic liver disease 

 Hypertension  Coagulopathy 

 Previous cardiac 
event 

 Congestive heart failure 

 Congestive heart 
failure 

 Dementia 

 Dyspnea  Depression 

 Current smoker  Diabetes 

 COPD  Drug Abuse 

 Acute renal failure  Electrolyte disorder 

 BMI  Hemiplegia 

 HIV 

 Hypercholesterolemia 

 Hypertension 

 Ischemic heart disease 

 Lymphoma 

 Malignancy 

 Metastatic Disease 

 Obesity 

 Peptic ulcer disease 

 Peripheral vascular disease 

 Renal disease 

 Rheumatologic disease 

 Urinary tract infection 

 Valvular disease 

 Weight loss 
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 summarize the accepted risk factors of PJI based 
on the International Consensus Group defi nition 
of PJI [ 5 ] and new risk factors and evidence that 
have been revealed since then. Given the vast 
number of potential risk factors that exist, we will 
highlight only preoperative patient-related risk 
factors and comorbidities. A discussion of risk 
calculators used as predictive models for PJI will 
follow.  

    Review of Individual Factors 

 In a recent International Consensus Meeting on 
PJI [ 5 ], a committee of orthopaedic infection spe-
cialists reached a consensus that the following 
risk factors for surgical site infection (SSI) and 
PJI include: history of surgery, poorly controlled 
diabetes mellitus (glucose >200 mg/L or HbA1C 
>7 %), malnutrition, morbid obesity (body mass 
index [BMI] >40 kg/m 2 ), active liver disease, 
chronic renal disease, excessive smoking and 
alcohol consumption, intravenous drug abuse, 
recent hospitalization, extended stay in a reha-
bilitation facility, male gender, diagnosis of post- 
traumatic arthritis, infl ammatory arthropathy, 
prior surgical procedure in the affected joint, and 
severe immunodefi ciency [ 5 ]. Since the consen-
sus meeting in 2013, several studies have 
expanded on this list and have revealed several 
other contributing factors [ 6 – 28 ]. We will elabo-
rate on the various modifi able (obesity, smoking, 
alcohol) and non-modifi able (age, gender, race) 
risk factors and the evidence supporting their 
association with PJI.  

    Patient-Related Risk Factors 

    Obesity 

 Many studies have demonstrated the infl uence of 
obesity (BMI ≥ 30 kg/m 2 ) and morbid obesity 
(BMI ≥ 40 kg/m 2 ) on both the rate of complica-
tions and the risk of infection [ 23 ,  29 – 33 ]. In fact, 
obesity is one of the most universally agreed 
upon risk factors for infection [ 5 ]. While obesity 
has several associated conditions that may 

increase the risk of PJI such as diabetes, hypothy-
roidism, and malnutrition, several studies have 
demonstrated obesity to be an independent risk 
factor. Furthermore, this increased risk may also 
be due to an increase in operative time and a 
greater need for allogeneic blood transfusions 
[ 34 ]. Obese patients are at an increased risk of 
wound complications due to poor wound healing 
and wound dehiscence, which further magnifi es 
the risk. Furthermore, due to increased BMI in 
these larger patients, prophylactic antibiotics 
may also be underdosed in this population, which 
may further augment this risk. 

 It has been estimated that more than 60 mil-
lion adults in the United States are classifi ed as 
obese, representing over one-third of Americans. 
As the number of obese patients in our country 
increases [ 35 ], the morbidly obese patients we 
encounter will also likely increase [ 36 ] Several 
recent studies have investigated the outcomes of 
the morbidly obese and super obese (BMI ≥ 50 kg/
m 2 ) population with all studies consistently 
revealing that this population has an increased 
susceptibility to complications, particularly 
infection [ 19 ,  23 ,  30 ,  32 ]. Jamsem et al. demon-
strated that the odds of developing PJI increased 
to 1.76 (95 % CI: 0.56–5.56) in patients with a 
BMI between 30 kg/m 2  and 34 kg/m 2 , and jumped 
to 6.41 (95 % CI: 1.67–24.59) in morbidly obese 
patients [ 33 ]. However, the option of optimizing 
the patient’s weight prior to arthroplasty still 
requires investigation due to confl icting reports 
in the literature showing that malnutrition can 
occur in patients who undergo rapid weight loss 
[ 10 ,  11 ]. Overall, surgeons should be aware of 
this risk when carefully weighing the risk-benefi t 
analysis of the obese population.  

    Smoking 

 Tobacco use is associated with an increased rate 
of complications and mortality following total 
hip arthroplasty (THA). Smoking has been linked 
with an increased risk of infection. Singh et al. 
found that current smokers undergoing TJA were 
at an increased risk of developing SSI compared 
with patients who have never smoked (OR 1.41, 
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95 % CI: 1.16–1.72) [ 37 ]. Similarly, Everhart 
demonstrated that tobacco abuse was a signifi -
cant independent risk factor (OR, 2.96; 85 % 
CI: 1.65–5.11) in a cohort of 1846 TJAs [ 31 ]. In 
addition to infection, smoking has been associ-
ated with increased operative time, higher risk of 
readmission, increased wound complications that 
may originate from poor tissue oxygenation, 
and decreased overall implant survivorship, par-
ticularly due to aseptic loosening [ 38 ,  39 ]. In a 
meta-analysis of 21 studies, current smokers 
demonstrated an increased risk of postoperative 
complications (RR 1.24, 95 % CI: 1.01–1.54) 
and death (RR 1.63, 95 % CI: 1.06–2.51) 
 compared to never-smokers [ 37 ]. Former smok-
ers had an increased risk of postoperative 
 complications (RR 1.32, 95 % CI: 1.05–1.66) 
and mortality (RR 1.69, 9 %% CI: 1.08–2.64) 
when compared to never-smokers. 

 Several studies have investigated smoking 
cessation prior to elective surgery and show a 
reduction in postoperative complications [ 40 –
 42 ]. In a randomized controlled trial, Moller et. 
al. demonstrated a lower complication rate (18 % 
vs 52 %) and a shorter length of hospital stay in 
the smoking intervention group compared with 
the control group [ 40 ]. This reduction was par-
ticularly signifi cant among wound-related com-
plications and cardiovascular complications. In 
addition, a meta-analysis of 6 randomized con-
trolled trials demonstrated that smoking cessa-
tion prior to surgery decreased overall 
complications and wound complications with an 
RR of 0.76 (95 % CI: 0.69–0.84) and 0.73 (95 % 
CI: 0.61–0.87), respectively [ 42 ]. Surgeons 
should thus be aware of the increased risk of 
complications in smokers, including infection, 
and the potential benefi ts of smoking cessation.  

    Alcohol Consumption 

 In addition to the increased risk of PJI in patients 
with cirrhosis, alcohol alone signifi cantly 
increased the risk for postoperative infection. In a 
nationwide database study, Best et. al. demon-
strated that alcohol was associated with an 
increase in both overall in-hospital complications 

and acute postoperative infections (OR 15.314, 
range: 14.66 to 15.97, p < 0.001) [ 21 ]. In addi-
tion, the authors found that alcohol abusers were 
nine times more likely to leave the hospital 
against medical advice and had overall longer 
inpatient stays. When stratifying by severity of 
alcohol misuse using a validated alcohol assess-
ment test, several studies showed that the severity 
of alcohol misuse is directly associated with an 
increase in the incidence of SSI and other com-
plications [ 43 ,  44 ]. Furthermore, patients with 
substance abuse are frequently malnourished and 
have decreased compliance with treatment. 

 Because of this increased risk of infection, at 
least four weeks of alcohol cessation is frequently 
recommended before elective surgery [ 5 ]. While 
the practice of alcohol cessation and intervention 
programs has not been well-documented in the 
orthopaedic literature, the surgical literature out-
side of orthopaedics has suggested that alcohol 
cessation may reduce the frequency of complica-
tions. For example, Tonnesen et al. found that 
those who quit drinking for more than one month 
prior to colorectal surgery developed fewer post-
operative complications (31 % vs 74 %, p = 0.02) 
than those who continued drinking [ 45 ].  

    Drug Abuse 

 Patients with intravenous (IV) drug abuse have 
an increased risk of developing PJI and frequently 
have comorbid conditions such as HIV that may 
further compound this risk. Lehman et al. and 
Haberman et al. found infection rates of 25 % and 
28.6 %, respectively [ 46 ,  47 ]. In patients with 
both IV drug abuse and HIV, the PJI rate was 
40 %. These fi ndings were confi rmed in a large 
scale national database study of 117903 
TKAs (HR 2.08, 95 % CI: 1.17–3.72) [ 6 ]. This 
evidence has led to a recommendation from the 
International Consensus Meeting that active IV 
drug users should not be offered elective 
arthroplasty. 

 While active drug abusers should not undergo 
TJA, determining when to undergo TJA follow-
ing a period of IV drug abstinence may be more 
diffi cult to establish. In patients who report drug 
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abstinence to their physician, 18.5 % of patients 
were still occasional users [ 48 ]. Patients with a 
declared abstinence of less than one year prior to 
THA were associated with high recurrence rates 
and septic failure rates. Thus, Wieser et al. sug-
gest at least a one-year period of abstinence from 
illicit drugs before proceeding with TJA.  

    Age 

 While an increase in age is associated with dete-
rioration in the immune system, the infl uence of 
age on development of PJI is not as clear. In a 
large national database study, Kurtz et al. found 
that age demonstrated a bimodal distribution for 
PJI risk with 70 to 74 years having the lowest 
incidence (0.80, 95 % confi dence interval [CI]: 
0.65–0.96) and those younger than 45 and older 
than 85 having the highest incidence (1.25, 95 % 
CI: 0.86–1.65 and 1.01, 95 % CI: 0.69–1.34, 
respectively) [ 4 ]. This bimodal distribution was 
also confi rmed in a large statewide database 
study. Soohoo et al. demonstrated that patients 
between 65 and 75 years old had the lowest infec-
tion rates while patients older than 75 (odds ratio 
[OR] 1.28, 95 % CI: 1.09–1.51) and younger than 
55 (OR 1.34, 95 % CI: 1.05–1.72) were at an 
increased risk [ 49 ]. In that same database, 
Meehan et al. found that the risk-adjusted rate of 
PJI was 1.8 times higher in patients younger than 
50 compared with patients 65 years of age or 
older (95 % CI: 1.33–2.47) [ 14 ]. This high preva-
lence in younger arthroplasty patients may be 
due to a greater burden of certain comorbid medi-
cal conditions such as human immunodefi ciency 
virus (HIV) and hemoglobinopathies that may 
increase the risk of infection. Several studies 
have demonstrated that elderly age increases the 
risk of infection [ 4 ,  20 ,  50 ,  51 ], while others have 
demonstrated no difference [ 52 ,  53 ]. This may 
occur because of selection bias, as more meticu-
lous medical optimization of elderly patients may 
be undertaken, especially given the elective 
nature of TJA. Thus, while there appears to be an 
association between both youth and older age 
with PJI, there are many potential confounders 
that are diffi cult to account for. Additional  studies 

are needed to explore the mechanism of age with 
PJI, particularly in younger age groups.  

    Gender 

 Hormones and chromosome content have been 
demonstrated to modulate both the innate and 
adaptive immune system [ 25 ,  54 ]. Furthermore, 
there are documented differences in the skin and 
subcutaneous fat distribution [ 55 ,  56 ] that may 
account for some of the differences in the PJI rate 
between males and females. The majority of 
studies, including our own institutional experi-
ence, have demonstrated that males are at an 
increased susceptibility for PJI. In a large nation-
wide database representing 10 % of hospital 
admissions, the PJI rate was 0.81 % (95 % CI: 
0.66–0.96) in females and 1.01 % (95 % CI: 
0.81–1.22) in males [ 4 ]. Bozic et al. demon-
strated that female gender was associated with a 
decreased risk of developing PJI (hazard ratio 
[HR] = 0.55, 95 % CI: 0.30–0.991) [ 6 ]. However, 
while male gender appears to be associated with 
an increase in the risk of developing PJI, Lubekke 
revealed that obesity contributes to an elevated 
risk of PJI in women (relative risk [RR] 16.1, 
95 % CI: 3.4–75.7) [ 57 ]. This difference was not 
found in obese and non-obese males. Despite 
studies demonstrating gender-dependent differ-
ences in PJI, other studies have not found any dif-
ferences in the PJI rate between males and 
females [ 29 ,  50 ,  51 ]. Thus, some may not con-
sider male gender a risk factor even though an 
expert international consensus panel [ 5 ] supports 
male gender as a non-modifi able risk factor for 
PJI.  

    Race 

 Racial disparities in socioeconomic status and 
immune function [ 58 – 61 ] may infl uence the dif-
ferential rate of infection and sepsis across several 
fi elds [ 62 – 65 ]. Several studies have demonstrated 
that complications, including infection, are higher 
among non-white racial groups [ 29 ,  49 ,  66 ,  67 ]. 
However, the majority of these studies have few 
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patients in the non-white group, and understand-
ing the infl uence of race on infrequent complica-
tions, such as PJI, is diffi cult. Furthermore, 
different races were demonstrated to be at different 
risks for high-risk comorbidities associated with 
infection. For example, it is well- documented that 
Native Americans are at an increased risk of devel-
oping diabetes and obesity [ 68 ,  69 ]. Additionally, 
the underlying etiology for TJA may be infl uenced 
by race and may thus result in differences in 
arthroplasty utilization. For example, African 
Americans are more likely to have sickle cell dis-
ease, which is associated with osteonecrosis. 
Because of these confounding factors, the evi-
dence behind the increased risk of PJI in the non-
white population should be interpreted carefully.   

    Comorbidities 

    Diabetes Mellitus and Hyperglycemia 

 Diabetes is associated with an assortment of risk 
factors for infection and generalized impairment 
of the immune system, including defi ciencies in 
phagocytosis and neutrophil and lymphocyte dys-
function. The link between hyperglycemia and 
PJI has been well-established [ 5 ,  33 ]. Dowsey 
et al. [ 70 ] demonstrated an independent OR of 
6.87 (95 % CI: 2.42–19.56), while Medicare stud-
ies have revealed a crude RR of 1.28 (95 % CI: 
1.17–1.40) for total knee arthroplasty (TKA) and 
1.36 (95 % CI: 1.27–1.68) for THA [ 71 ,  72 ]. 
While it is established that diabetes leads to an 
increased risk of PJI, the infl uence of the specifi c 
characteristics of diabetes is less clear. Several 
studies have demonstrated that patients with insu-
lin-dependent diabetes (Type 1) are at an increased 
risk compared with non-insulin- dependent diabe-
tes (Type 2), even though both disease types sub-
ject the patient to an increased risk compared to 
non-diabetics [ 12 ,  73 ,  74 ]. Using the National 
Surgical Quality Improvement Program (NSQIP) 
database, the OR of developing PJI was 1.6 (95 % 
CI: 1.2–2.0; p < 0.001) for insulin- dependent dia-
betics and 1.2 (95 % CI: 1.1–1.4; p < 0.001) for 
non-insulin-dependent diabetics when compared 
with non-diabetics [ 12 ]. 

 Furthermore, there is wide variability regard-
ing the optimal lab marker of preoperative glu-
cose level or hemoglobin A1c for predicting 
complications and PJIs among diabetic TJA 
candidates. Higher perioperative glucose levels 
have been associated with an increased risk of 
PJI. Jamsem et al. demonstrated that patients 
with higher preoperative glucose levels who 
underwent TKA were at increased risk for 
developing PJI [ 75 ]. Patients with preoperative 
blood glucose levels greater than 124 mg/dL 
demonstrated a 3.3 times increased odds of 
infection compared with those less than this 
threshold. Furthermore, Mraovic et. al. demon-
strated that PJI patients had higher preoperative 
and postoperative glucose levels than those 
without PJI [ 76 ]. The authors found that even 
non-diabetic patients were three times more 
likely to develop PJI if the postoperative day 
one glucose levels were high (greater than 
140 mg/dL). 

 However, because glucose levels represent 
only a single point in time rather than an average, 
glycosylated hemoglobin A1c levels are fre-
quently used because it represents a three month 
average of sugar levels. Despite refl ecting a lon-
ger glycemic control timeframe, Iorio et al., 
Maradit Kremers et al., and Chrastil et al. found 
that hemoglobin A1C levels did not correlate 
with PJI; however, the latter study identifi ed pre-
operative glucose levels as a much better predic-
tor and suggests targeting this rather than A1c for 
PJI prevention [ 53 ,  57 ,  58 ]. However, Harris et. 
al. was able to demonstrate a relationship between 
hemoglobin A1c levels and complications and 
found that the rate of PJI increased linearly rather 
than surging at a certain threshold [ 77 ]. Despite 
the overwhelming lack of a clear cut-off or opti-
mal preoperative laboratory predictor, almost all 
studies highlight the importance of glycemic 
control. Furthermore, the presence of diabetic 
complications, frequently defi ned as end-organ 
damage, has also been demonstrated to infl uence 
the risk of PJI. Soohoo et al. found that both 
uncomplicated and complicated diabetes 
increased the risk of acute onset PJI by 1.7 (95 % 
CI: 1.42–2.08) and 3.7 (95 % CI: 2.39–5.74) 
times, respectively [ 49 ].  
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    Malnutrition 

 Malnutrition has a high prevalence in the arthro-
plasty population and is frequently comorbid 
with obesity and diabetes. Several studies have 
implicated malnutrition as an independent risk 
factor for PJI. Yi et al. demonstrated that patients 
with laboratory values suggestive of malnutrition 
(lymphocyte count <1500 mm^3, serum albumin 
<3.5 g/dL, or serum transferrin <200 mg/dL) 
were independently associated with both chronic 
PJI (OR 2.1, p = 0.003) and acute PJI (OR 5.9, 
p = 0.02) following revision TJA. Furthermore, 
high frequencies of abnormal nutritional param-
eters were found in both normal and obese 
patients. Normal-weight patients had a higher 
frequency of at least one abnormal laboratory 
value compared with obese patients (51 % vs 
32 %, p = 0.002). Peersman et. al. revealed that 
malnutrition increased the risk of PJI in a retro-
spective review of 6489 TKAs [ 78 ]. Font- 
Vizcarra et al. prospectively investigated 213 
patients undergoing TKA and found that malnu-
trition, as assessed by smaller triceps skin fold 
levels, was independently associated with PJI; a 
measurement of 30 mm was associated with a 
5 % risk and a 20-mm measurement was associ-
ated with a 10 % infection risk [ 79 ]. Additionally, 
Mednick et al. demonstrated that a high preoper-
ative serum albumin level was independently 
associated with a lower risk for the need for read-
mission (OR 0.688, 95 % CI: 0.477–0.992) [ 13 ].  

    Rheumatoid Arthritis 
and Immunosuppression 

 TJA candidates are frequently immunosup-
pressed for a variety of reasons, such as osteone-
crosis secondary to chronic steroid use, solid 
organ transplant recipients receiving anti- 
rejection medications, or patients on disease 
modifying agents for rheumatologic diseases. 
While there is diffi culty assessing the risk of 
immunosuppression, as well as a high variability 
in its defi nition, most surgeons agree that immu-
nosuppression is a risk factor for developing PJI 
[ 5 ]. Peersman et. al. found immunosuppression 

to be an important risk factor for SSI in a retro-
spective review of 6489 TKAs [ 58 ]. Furthermore, 
Berbari et al. found immunosuppression to be a 
signifi cant contributor (HR 1.96, 95 % CI: 1.4–
2.8) to the risk of PJI in their risk model [ 80 ]. 

 Several studies have demonstrated that sys-
temic corticosteroid use increases the risk of 
PJI. Somajaykji et al. found that patients receiv-
ing prednisone doses greater than 15 mg/kg a day 
increased the odds of infection by 21 times (95 % 
CI: 3.5–127.2) [ 81 ]. Additionally, Mednick et al. 
demonstrated that preoperative corticosteroid use 
was independently associated with a higher like-
lihood of hospital readmission (OR 2.928, 95 % 
CI: 1.731 to 4.953; p < 0.001) [ 13 ]. 

 In addition to immunosuppression, autoim-
mune conditions often result in immune dysregu-
lation, which may predispose patients to 
infection. Rheumatoid arthritis patients have an 
increased risk of PJI compared to patients under-
going TJA for osteoarthritis, presumably second-
ary to the use of disease-modifying antirheumatic 
drugs. In the fi rst year after surgery, rheumatoid 
arthritis patients have a higher risk of infection 
compared to osteoarthritis patients, as Jamsem 
et al. [ 82 ] demonstrated an adjusted HR of 1.86 
(95 % CI: 1.31–2.63) while Bomgartz [ 83 ] dem-
onstrated a 10.3 (95 % CI: 1.31–80.26) times 
increased odds of infection.  

    Human Immunodefi ciency Virus 
and Acquired Immunodefi ciency 
Virus 

 HIV patients frequently require TJA secondary to 
osteonecrosis. As life expectancy increases due 
to recent developments in drug therapies, there 
will continue to be an increase in HIV patients 
undergoing TJA. Given the severe immune defi -
cits of this disease, HIV has been strongly associ-
ated with PJI, despite small sample sizes due to 
the relative infrequency of this disease. In a large 
nationwide database of 9275 HIV patients under-
going TJA, there was an increased rate of major 
complications (OR 1.47, 95 % CI: 1.08–2.00) 
and wound infections (OR 2.38, 95 % CI: 1.32–
4.30) in HIV patients [ 27 ]. Capogna et al. 
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 demonstrated that HIV patients were at a 6.2 
times increased odds of developing infection 
[ 84 ]. While the rate of PJI has been reported as 
high as 18.7 % for primary and 36.3 % for revi-
sion TJAs, Hicks et al. demonstrated that good 
survivorship and durable pain relief may still be 
achievable [ 85 ]. Thus, it is important to perform 
a thorough risk-benefi t analysis and optimize 
HIV patients prior to TJA, in close collaboration 
with an infectious disease specialist. 

 It is recommended that suitable candidates for 
TJA are patients who have a CD4 count greater 
than 400 cells/ml and with undetectable viral 
loads. In a study of 31 TJAs in HIV patients, 
Falakassa suggests that well-controlled HIV 
patients on highly active antiretroviral therapy 
with undetectable viral loads and CD4 > 200 pos-
sess a risk of developing PJI equivalent to that of 
the non-HIV population [ 9 ]. Future studies with 
larger cohorts are needed to better elucidate the 
optimal CD4 thresholds prior to undergoing elec-
tive TJA in this group of patients.  

    Native Septic Joint Arthritis 

 Prior or current septic arthritis is challenging for 
the treating orthopaedic surgeon due to extensive 
bone loss, soft tissue scarring, and increased 
infection risk. Because of the overall rarity of 
native septic arthritis, there is little literature 
regarding the outcomes of these patients. 
However, the few studies that do exist suggest an 
increased frequency of complications following 
TJA, particularly infection, among this patient 
population. Jerry et al. found an infection rate of 
7.7 % in TKA [ 86 ]. In THAs after native septic 
arthritis, Chen et al. [ 87 ] demonstrated an infec-
tion rate of 14 %, while Jupiter et al. [ 88 ] deter-
mined a rate of 7.0 %. In addition, Cherney et. al. 
found that patients undergoing THA with a previ-
ous infection without any prosthesis had a failure 
rate of 37 % [ 89 ]. 

 In patients who underwent THA and who had 
a history of childhood septic hip arthritis, Kim 
et al. found that all hips with a quiescent period 
of more than 10 years had no recurrence of 
 infection, while two hips in one patient with a 

 quiescent period of seven years had infection 
recurrence [ 90 ]. However, deferring arthroplasty 
for such an extensive time is often impractical 
and the potential benefi ts of undergoing TJA may 
far outweigh the increased potential risks. 
Although the role of infl ammatory markers such 
as erythrocyte sedimentation rate and C-reactive 
protein remains relatively unknown, the surgeon 
must ensure that there is no evidence of active 
infection by performing preoperative aspiration 
and obtaining cultures. Furthermore, antibiotic 
laden cement should be used in TJAs containing 
cement [ 5 ]. Future studies are clearly needed to 
determine the optimal timing of elective TJA fol-
lowing septic arthritis and to elucidate the spe-
cifi c characteristics of septic arthritis that may 
increase the risk of PJI.  

    Prior Surgical History and Revision 
Arthroplasty 

 A prior surgical procedure has been demonstrated 
to be an important risk factor for PJI [ 78 ]. 
Although there is scarce literature investigating 
the association between prior surgery and the 
development of PJI, revision arthroplasty has 
been consistently reported to increase the risk of 
PJI. Everhart et al. and Berbari et al. determined 
that revision surgery increased the odds of infec-
tion by 2.28 (95 % CI: 1.26–3.98) and 2.0 (95 % 
CI: 1.4–3.0) times, respectively [ 31 ,  80 ]. This 
may be attributable to prolonged operative time, 
increased need for transfusion, more frequent 
wound complications, and higher comorbidities 
in revision arthroplasty patients. However, even 
when accounting for these factors, patients with 
revision surgery remain at an increased risk [ 80 ].  

    Renal Disease 

 Chronic renal disease has an estimated preva-
lence of 35 % in diabetics and greater than 40 % 
in individuals over 60 years of age [ 91 ]. Patients 
with renal disease frequently have several comor-
bid conditions that may further increase the risk 
of PJI, such as diabetes or lupus. Several studies 
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have demonstrated that patients with active renal 
disease, transplantation, and hemodialysis are 
associated with an increased risk of overall com-
plications, particularly PJI. In Medicare studies, 
Bozic et al. demonstrated that the relative risk for 
PJI and 90-day mortality was 1.45 and 3.35 times 
for THA and 1.46 and 3.80 times in TKA patients, 
respectively [ 71 ,  72 ]. In patients receiving hemo-
dialysis for end-stage renal disease, Sunday et al. 
[ 71 ] reported a high rate of mortality and infec-
tion; 29 % of the patients died from in-hospital 
complications and 14.5 % died due to sepsis [ 92 ]. 
Sakalkale et al. and Lieberman et al. demon-
strated elevated deep infection rates of 13 % and 
19 %, respectively [ 93 ,  94 ]. End-stage renal dis-
ease is often treated defi nitively with kidney 
transplantation, which may pose an even 
increased risk due to the requirement of immuno-
suppressive medications. In a large-scale national 
database, Cavanaugh et al. demonstrated that kid-
ney transplantation increased the risk of SSIs and 
wound infections, as well as systemic infection, 
with an adjusted OR of 2.03 and 2.85, respec-
tively [ 7 ]. Additionally, patients on dialysis 
(8.03 %, RR 3.99, p < 0.001) and with renal trans-
plants (9.09 %, RR 4.517, p = 0.027) demon-
strated an increased risk of developing late 
infection [ 95 ]. 

 Despite the literature supporting renal disease 
as a signifi cant risk factor for PJI, very few stud-
ies have been able to establish a relationship 
between the severity of kidney disease and PJI [ 8 , 
 15 ]. This is signifi cant because the majority of 
the literature is limited to end-stage renal disease 
and thus may not account for milder disease. 
Future studies are needed to determine the rela-
tionship and optimal thresholds to assess PJI risk 
by renal disease severity.  

    Liver Disease 

 Recently, several studies have elucidated the role 
of liver disease in the development of PJI, par-
ticularly cirrhosis and hepatitis. Jiang et al. dem-
onstrated that PJIs occurred more frequently in 
TKA patients with cirrhosis (2.7 % vs 0.8 %; HR 
3.4; p < 0.001) [ 96 ]. Cirrhotic patients were also 

more likely to undergo irrigation and debride-
ment (THA: HR 2.7, TKA: HR 2.5) or resection 
arthroplasty (THA: HR 5.9, TKA 2.9) than non- 
cirrhotic patients. While Tiberri et al. [ 18 ] and 
Deleurman et al. [ 24 ] found that cirrhosis was a 
signifi cant risk factor for diabetes, Bozic et al. 
could not fi nd an association among patients with 
chronic liver disease in the Medicare population 
for both TKA (HR 1.08, 95 % CI: 0.84–1.39, 
p = 0.5285) and THA (HR 1.02, 95 % CI: 0.69–
1.50, p = 0.9333) [ 71 ,  72 ]. Patients with liver 
transplant also have an increased risk of develop-
ing PJI due to the need for immunosuppressive 
therapy [ 7 ]; Cavanaugh et al. demonstrated an 
OR of 2.32 in a large nationwide inpatient 
sample.   

    Risk Calculators 

 Several studies have endeavored to develop pre-
dictive models that can be tailored to the specifi c 
demographics and medical characteristics of 
each patient (Table  5.1 ) [ 80 ,  97 ,  98 ]. Bozic et al. 
[ 97 ] created a risk scoring system that was devel-
oped from patients in the Medicare population 
who were older than 65 years, which was con-
verted into an electronic Smartphone app that 
was primarily based on comorbidities (29 
Elixhauser comorbidities) [ 99 ]. Bilimoria et al. 
created an electronic application to predict surgi-
cal complications and SSI based on demographic 
and surgery-related factors [ 93 ]. The risk calcula-
tor was based on the National Surgical Quality 
Improvement Program (NSQIP) database, which 
included 90-day follow-up for a variety of surgi-
cal procedures. However, because the measured 
variables had to be applicable to general surgery 
procedures as well, the measured variables did 
not include specifi c arthroplasty-related variables 
such as revision arthroplasty. 

 Berbari et al. created an institutional model 
based on 301 PJIs and 316 TJAs as controls that 
included both preoperative and perioperative 
variables [ 80 ]. Male sex, diabetes, prior opera-
tions, previous TJAs, immunosuppression, 
American Society of Anesthesiologists score, 
antibiotic prophylaxis, urinary tract infection, 
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and procedure time were all determined to be 
independent risk factors for infection and were 
included in the fi nal model. 

 However, despite the number of currently 
available predictive models that are primarily 
based on nationwide databases, there is no uni-
versal preoperative risk predictor for PJI that is 
used in the orthopaedic community. This may be 
attributable to the limitations of the current mod-
els, including the use of a specifi c population set 
such as Medicare patients who are older than 65 
years old, lack of stratifi cation by procedure, 
short follow-up time, limited patient-reported 
information, or a limited patient sample. 
Therefore, we developed a preoperative risk cal-
culator based on our institutional database of 
27117 patients who underwent TJA to identify 
the at-risk population for PJI and  Staphylococcus 
aureus  PJI. Our model determined that the sig-
nifi cant contributing demographic and surgical 
factors were BMI, male gender, government 
insurance (Medicaid, Tricare, and Medicare), 
revision surgery, knee surgery, and history of 
orthopaedic surgery. Several comorbidities 
(Table  5.2 ) in order of decreasing relative 
 contribution included: drug abuse, coagulopathy, 
renal failure, psychoses, congestive heart failure, 

 rheumatologic disease, diabetes mellitus, and 
iron defi ciency anemia. While we attempted to 
create a risk calculator to identify patients at an 
increased risk of PJI, future studies are needed to 
discover and implement strategies to prevent PJI 
in high-risk candidates.

       Conclusion 

 Considerable efforts have been invested into 
identifying both modifi able and non-modifi -
able risk factors for PJI. It is crucial that we 
use this knowledge in the selection and educa-
tion of patients given the potentially shattering 
effect PJI has on our patients’ quality of life, 
satisfaction, and overall health. Despite our 
efforts, we have a poor understanding of sev-
eral current risk factors; and furthermore, 
many risk factors likely exist that have yet to 
be revealed. It is even more crucial to apply 
our awareness of risk factors into instituting 
preventative measures in high-risk candidates. 
Likewise, it is important for the surgeon to 
continuously work closely with interdisciplin-
ary medical specialists to reduce the risk of 
PJI after TJA as much as possible. Continued 
efforts are certainly needed to fi nd novel and 
effective solutions to minimize the burden of 
one of the most devastating complications in 
orthopaedics.     
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    Abstract  

  Several risk factors have been associated with the development of peri-
prosthetic joint infection (PJI). In this chapter the risk of PJI associated 
with an intra-articular steroid injection prior to joint arthroplasty and the 
risk of previous surgery of the same joint are reviewed. 

 Although the data of different studies is confl icting, the risk of develop-
ing a PJI in patients who had an intra-articular steroid injection could be 
twice as high compared with patients who had no injection prior to their 
joint arthroplasty. The preoperative diagnosis of posttraumatic arthritis and 
previous open surgery increases the risk of PJI after total joint arthroplasty 
approximately two to four times. Previous arthroscopic surgery and high 
tibial osteotomy are possibly not associated with an increased risk of PJI. 

 All risk factors, including previous intra- articular steroid injections and 
open surgery, should be discussed preoperatively with the patient and can 
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      Introduction 

 The incidence of periprosthetic joint infection 
(PJI) has reduced from 10 % in the fi rst arthro-
plasties in the late 1960s [ 1 ] to 1–2 % in some 
more recent series of primary arthroplasties 
[ 2 – 4 ]. Nevertheless, despite this reduction in the 
rate of infection, the total number of infections 
remains high due to the increasing number of 
arthroplasties performed [ 5 – 8 ]. Revision arthro-
plasty and its possible complications are a con-
siderable burden for patients, health systems, and 
hospitals. Revision surgery for PJI is associated 
with longer operating times, more expensive 
implants, increased blood loss, longer hospital 
stay, an increase in complications compared with 
revisions for aseptic loosening, and increases the 
risk of 1-year mortality [ 9 – 13 ]. Overall, the costs 
associated with revision arthroplasty because of 
an infection are two to three times higher than the 
costs associated with revision for aseptic loosen-
ing [ 9 ,  10 ,  12 ,  14 – 17 ]. 

 Many factors are associated with the develop-
ment of PJI and they include, but are not limited 
to the risk factors listed in Table  6.1 . These risk 
factors can be patient-related, surgery-related or 
postoperative [ 3 ,  4 ,  18 – 28 ] and can be further 
categorized as modifi able or nonmodifi able [ 26 , 
 29 ]. The data are often based on the results of 
multivariate analyses and it is not always clear 
whether the risk factors identifi ed are causally 
related to PJI, whether they are proxies for the 
actual causal factors, whether different risk fac-
tors act synergistic, or whether there is an interac-
tion with the time since surgery [ 21 ].

   Appropriate preoperative risk stratifi cation is 
important for discussing perioperative risks with 
individual patients and managing modifi able risk 
factors to reduce postoperative complications 
[ 30 ]. It also facilitates comparing and synthesiz-
ing scientifi c reports. As external regulatory bod-
ies and reporting agencies begin to publish 
information on hospital and surgeon-specifi c 
arthroplasty outcomes it can also be used for risk 
adjustment and validation of these publicly 
reported outcomes [ 21 ]. Based on the risk factors, 
high-risk patients can be identifi ed preoperatively 
which allows diligent monitoring and aggressive 
treatment when a PJI is suspected [ 31 ]. In the 

future, stratifi cation of patients in a high-risk 
group may warrant the allocation or prioritizing 
of the use of emerging technologies to prevent PJI 
such as vaccines, biofi lm disrupting technologies 

   Table 6.1    Risk factors for periprosthetic joint infection   

 Active infection 

 History of previous surgery 

 Uncontrolled hyperglycemia 

 Malnutrition 

 (Morbid) obesity 

 Smoking 

 Alcohol consumption 

 Active renal disease 

 Active liver disease 

 Immunosuppression 

 Intravenous drug abuse 

 Human immunodefi ciency virus infection 

 Admission from a healthcare facility 

 Male patients 

 Age 

 Subsequent surgery 

 Urinary tract infection 

 Rheumatoid arthritis 

 Long-term stay in a healthcare facility 

 ASA > 2 

 Operative time 

 Surgeon and hospital volume 

 Patients receive public assistance 

 Increased blood loss 

 Allogenic blood transfusion 

 Lack of antibiotic cement 

 Emergency vs. planned surgery 

 Postoperative complication 

 Race 

 Socioeconomic status 

 Systemic malignancy 

 Sickle cell hemoglobinopathies 

 Hemophilia 

 Depression 

 Psychoses 

 Hip fracture 

 Postoperative hematoma 

 Staphylococcus aureus colonizers 

 Anesthetic management 

 Persistent wound drainage 

 Wound-related complications 

 Distant infection 

 Cardiovascular complications 

 Length of stay 
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or implants with an anti-adhesive surface or coat-
ing with antimicrobial substances [ 32 ]. 

 The purpose of this chapter is to review the 
risk of PJI associated with preoperative steroid 
injection and previous (non-arthroplasty) surgery 
of the same joint. Much of the information comes 
from uncontrolled retrospective cohort studies or 
case-control studies with small sample size and 
are limited to hip and knee replacement. Because 
PJI is a relative uncommon complication, well- 
executed prospective studies examining factors 
associated with infection after joint replacement 
and achieving suffi cient numbers are diffi cult to 
conduct. When referencing this chapter and other 
resources, these shortcomings of the evidence 
should be taken into account.  

    PJI After Steroid Injection 

    Working Mechanism of Steroids 

 Steroid injections are frequently used by general 
practitioners (GP), rheumatologists and orthopae-
dic surgeons and remain a mainstay of treatment of 
many causes of joint or soft-tissue pain. Steroids 
may also be used as to distinguish between pain 
originating from an arthritic joint and referred pain. 
In osteoarthritis, infl ammation occurs as a refl exive 

response to mechanical irritation. T-lymphocytes 
infi ltrate the synovial membrane of osteoarthritic 
joints which results in the release of infl ammatory 
mediators into the synovial fl uid. 

 The aim of intra-articular steroid injections is 
to provide high concentrations of steroid in the 
synovial fl uid and synovial cells, reducing local 
infl ammation and minimizing plasma concentra-
tions and systemic side effects. The pathways by 
which injectable steroids mediate symptom relief 
are not completely understood, and they may dif-
fer from the mechanisms associated with sys-
temic steroids. Steroids act by blocking the 
infl ammatory and immune cascade at several lev-
els, including the prostaglandin and cyclo- 
oxygenase pathways [ 33 ,  34 ]. Through inhibition 
of these pathways, arachidonic acid production is 
prevented and hence the formation of prostaglan-
dins, thromboxanes, prostacyclins and leukotri-
enes is reduced (Fig.  6.1 ).

   Only depot formulations are suitable for intra- 
articular injections (Table  6.2 ). These depot for-
mulations tend to remain at the injected site for a 
long period of time and cause little systemic 
effects. Compounds with lower solubility may 
maintain effective synovial levels for a longer 
time and produce lower systemic levels than com-
pounds with greater solubility. Although some 
data suggest that decreased solubility correlates 

  Fig. 6.1    Diagram of the infl ammatory cascade, depicting the point of inhibition of steroids and nonsteroidal anti- 
infl ammatory drugs.  NSAID  nonsteroidal anti-infl ammatory drugs       
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with a sustained clinical effect, this is not always 
the case [ 35 ,  36 ].

       Side Effects of Steroids 

 The most common side effects of steroid injec-
tions are postinjection fl are, facial fl ushing, and 
skin or fat atrophy [ 34 ,  37 – 39 ]. Of the less com-
mon side effects, joint sepsis is of the greatest 
concern, with reported incidences ranging from 
1 in 3000 to 1 in 50,000 [ 40 – 42 ]. Current rates 
may be even lower because of improved sterile 
technique and the availability of steroid prepara-
tions in prefi lled syringes which reduces han-
dling. Case reports have also documented the 
occurrence of tendon ruptures in patients after 
steroid injections [ 43 ]. Although animal studies 
have suggested that steroid injections may have 
deleterious effects on articular cartilage, studies 
in humans have not shown similar results 
[ 44 – 46 ]. Systemic effects from steroid injections 
are generally milder than with oral or intravenous 
formulations. These include osteoporosis, 
steroid- induced myopathy, suppression of the 
hypothalamic-pituitary-adrenal axis, increasing 
hepatic glucose synthesis and antagonizing insu-
lin effects resulting in worsening of preexisting 
glucose intolerance [ 38 ,  39 ,  47 – 49 ].  

    Primary Total Hip Arthroplasty 

 An intra-articular steroid injection of the hip can 
be administered for diagnostic and therapeutic 

reasons. In conjunction with an intra-articular 
injection of a long-acting anesthetic, steroids can 
be used for diagnostic purposes to distinguish 
intrinsic from extrinsic sources of pain such as 
that originating in the spine [ 50 – 55 ] with a 
reported sensitivity of 91.5 %, specifi city and 
positive predictive value of 100 %, and negative 
predictive value of 84.6 % for response to total 
hip arthroplasty (THA) [ 56 ]. Although steroid 
injections in the hip were not recommended in 
the treatment guidelines provided by the 
American College of Rheumatology for osteoar-
thritis (OA) of the hip in the past [ 57 ], more 
recent guidelines include steroid injections for 
the initial management of hip OA [ 58 – 60 ]. They 
can be helpful in clinical practice when patients 
with moderate or end-stage OA are not willing or 
suitable to undergo a THA in the short term or to 
alleviate infl ammatory symptoms that can be 
associated with mild or moderate OA of the hip 
joint [ 61 – 63 ]. 

 Patients receiving any form of systemic ste-
roid therapy for greater than 1 week within 1 year 
before THA have a two-fold increased risk of 
prosthetic joint infection compared with normal 
control subjects [ 18 ]. Concern regarding the 
effect of an intra-articular steroid injection on 
infection rates in subsequent THA was fi rst raised 
by Kaspar and de V de Beer [ 64 ]. In an audit they 
found a 10 % infection rate in 40 patients who 
had received an intra-articular steroid infi ltration 
prior to their THA, which was signifi cantly 
higher than the risk of PJI in a matched group that 
did not have a steroid injection prior to THA 
(p < 0.01). This high prevalence of PJI in patients 

   Table 6.2    Characteristics of injectable steroids   

 Compound 
 Potency (Hydrocortisone 
equivalent)  Duration 

 Betamethasone sodium phosphate and 
betamethasone acetate 

 25  Long 

 Cortisone  .08  Short 

 Dexamethasone sodium phosphate  25  Short 

 Hydrocortisone acetate  1  Intermediate 

 Methylprednisolone acetate  5  Intermediate 

 Prednisolone tebutate  3.5  Intermediate 

 Triamcinolone acetonide  5  Intermediate 

 Triamcinolone hexacetonide  5  Long 
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that had an intra-articular steroid injection prior 
to THA appears to have been refuted by subse-
quent studies conducted and although the data is 
confl icting, none of the studies reproduced infec-
tion or revision rates similar to what had been 
documented by Kaspar and de V de Beer 
(Table  6.3 ).

   Although most of the subsequent studies did 
not fi nd an increase in PJI, two other studies did 
detect an increased risk of infection in patients 
that had a steroid injection prior to their THA 
[ 68 ,  71 ]. McIntosh et al. [ 68 ] found 3 patients 
who had a PJI out of a cohort 224 THAs with a 
prior intra-articular steroid injection (1.3 %). 
Although this was equivalent to their historic 
deep infection rate, the deep infection rate in a 
matched cohort was only 1 out of 224 THAs 
(0.45 %). Ravi et al. [ 71 ] used Cox proportional 
hazard regression models to determine the rela-
tionship between receipt of an intra-articular 
injection and the risk of infection controlling for 
Charlson Comorbidity Index, frailty, age, sex, 
income quintile and surgeon volume. They found 
an increased risk of PJI with an adjusted hazard 
ratio of 1.37 (p = 0.03) for patients who received 
an injection in the year prior to their THA 
(56/1691  versus  863/35,413). The latter study is 
defi nitely the largest study to address this ques-
tion and adjusts for relevant confounders. Cross- 
referencing was done using a database including 
patients that underwent THA and another one 
including injections performed by a radiologist. 
The authors were unable to determine what agent 
was injected into which joint, potentially leading 
to selection bias. 

 In an outpatient setting, a great variation of 
antiseptic technique used during intra-articular 
steroid injection has been reported [ 40 ]. In the 
three studies that have found an increase in PJI of 
a THA after an intra-articular steroid injection, 
the steroid injection was given by a radiologist in 
the radiology department (see Table  6.3 ). In the 
studies that did not fi nd a prior intra-articular ste-
roid injection to increase the risk of PJI, the pro-
cedure was done in the vast majority of cases in 
the operating theatre and always by a member of 
the surgical team. This could suggest that any 
breech of sterile technique may be an important 

factor in the development of PJI after a steroid 
injection in the hip joint. 

 Some authors have suggested that an increased 
risk of PJI could be due to one of the agents 
injected in the hip joint. However, it is unclear 
which agent of the injection procedure may be 
culpable: the arthrography dye, the steroid or its 
depot vehicle, or the local anesthetic. It has been 
hypothesized that it may be due to failure of the 
steroid to dissolve which may cause local immu-
nosuppression at the time of joint arthroplasty 
[ 64 ,  77 ]. In most studies methylprednisolone 
acetate was used, so it is unclear whether the ste-
roid compound itself has an infl uence on the sub-
sequent development of PJI. 

 Other authors have hypothesized that the time 
between the steroid injection and subsequent 
THA could play a role. In the different studies, 
there was variation in the time between steroid 
injection and THA which in some cases was more 
than a year. Hence any potential effect of such 
timing on infection rates is diffi cult to establish. 
McIntosh et al. [ 68 ] found that in the patients that 
had PJI the mean time from injection to THA was 
44 days which was much lower than the overall 
mean time from injection to THA of 112 days. In 
the study by Meermans et al. [ 70 ] the time from 
injection to THA was 35 days in the patient that 
had a PJI. However, Kaspar and de V de Beer [ 64 ] 
reported that in their cases, the time interval 
between injection and THA in those that devel-
oped an infection was not statistically different 
from those with no infection (11.38 months, 95 % 
confi dence interval (CI) 5.6–17.2 months  versus  
10.86 months, 95 % CI 7.2–14.5 months). 

 Because of the confl icting evidence and the 
small number of patients included in each study, 
several meta-analyses were done which are lim-
ited due to the heterogeneity of the included stud-
ies (Table  6.4 ). Charalambous et al. [ 78 ] found 
that intra-articular steroid injection had an 
increased risk ratio on the superfi cial or deep 
infection rates of subsequent joint arthroplasty, 
but this was not statistically signifi cant (p = 0.15). 
The difference was bigger in the superfi cial 
 infection rate, but there is no proposed mechanism 
that can explain how an injection may increase the 
risk of superfi cial infection. McMahon et al. [ 79 ] 
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found that patients were twice as likely to develop 
a PJI if they received an intra-articular steroid 
injection prior to THA or TKA, but this was not 
signifi cant (p = 0.12 and p = 0.64 respectively). In 
this meta-analysis there was no difference in the 
risk of superfi cial infection. Wang et al. [ 80 ] also 
found no signifi cant increase of infection among 
patients injected with steroid injection prior to the 
arthroplasty. Xing et al. [ 81 ] found that there was 
a signifi cant effect on the deep infection but not 
on the superfi cial infection rates. Although it was 
not always found to be statistically signifi cant, 
most meta-analyses agree that the risk of develop-
ing a PJI is twice as high in patients who received 
an intra-articular steroid injection compared with 
patients who underwent joint arthroplasty without 
prior injection.

       Primary Total Knee Arthroplasty 

 Because of its easier access, intra-articular steroid 
injections are more frequently used by orthopae-
dic surgeons, rheumatologists and general practi-
tioners (GP) for the management of patients with 
OA in the knee compared with the hip. Steroids 
are proven to be effective at reducing pain in knee 
OA, although duration of this treatment is contro-
versial. Some evidence demonstrates that use of 
steroids decreases pain by roughly one third, as 
measured by visual analog scale, but provides this 
benefi t for only 1 week [ 82 ]. A Cochrane meta-
analysis has shown that steroid injections for 
osteoarthritic knee pain are benefi cial at two 
weeks, with the number needed to treat to give a 
patient benefi t between 1.6 and 3.5 [ 83 ]. Although 

most individual randomised controlled trials 
included in the study failed to show a clear benefi t 
at 16 and 24 weeks, pooled data showed a signifi -
cant improvement at 24 weeks [ 83 ]. From the lim-
ited studies available, triamcinolone appears to be 
more effi cacious than either methylprednisolone 
or betamethasone [ 36 ]. 

 The fi rst study to look at the risk of PJI after 
intra-articular steroid injection in the knee was 
done by Papavasiliou et al. [ 77 ]. In this retrospec-
tive review, the authors found PJI in 3 out of 54 
(5.5 %) in patients that had an intra-articular ste-
roid injection prior to their total knee arthroplasty 
(TKA) compared with 0 out of 90 (0 %) in the 
non-injected patients (p = 0.025). The time from 
last injection to operation for the three infected 
cases was 8, 10 and 11 months. There was no sta-
tistically signifi cant difference between the two 
groups for superfi cial infection. 

 Another study looking at the effect of intra- 
articular steroid injection on infection rates after 
PJI, reported the outcome of 440 TKAs with 
1-year follow-up [ 74 ]. The authors identifi ed 90 
knees in 80 patients from hospital records that 
had intra-articular steroid injections prior to 
TKA. A cohort of 180 knees in 170 patients was 
used as a control group, matched for age, sex and 
year of operation. There were no cases of PJI in 
either group. Two cases of superfi cial infection 
occurred in the study group and fi ve cases in the 
control group (p = 1). It was noted that for the two 
infected cases in the study group, steroid injec-
tion had been given at 18 months prior to surgery. 
Of note is that 60 out of 90 knees received steroid 
injections in the operating room under strict ster-
ile conditions. It has been reported previously 

   Table 6.4    Meta-analyses of comparative studies of total hip arthroplasty following intra-articular steroid injection   

 Authors  THA/TKA  Superfi cial infection  Deep infection 

 Charalambous et al. [ 78 ]  THA and TKA  RR = 1.75 (95 % CI 0.76–4.04)  RR = 1.87 (95 % CI 0.80–4.35) 

 THA  RR = 1.91 (95 % CI 0.48–7.56)  RR = 1.59 (95 % CI 0.66–3.83 

 McMahon et al. [ 79 ]  THA  OR = 1.04 (95 % CI 0.52–2.10)  OR = 2.65 (95 % CI 0.79–8.96) 

 TKA  OR = 0.91 (95 % CI 0.07–11.11)  OR = 2.24 (95 % CI 0.08–65.30) 

 Wang et al. [ 80 ]  THA  RD = 0.00 (95 % CI −0.03–0.03)  RD = 0.00 (95 % CI −0.01–0.02) 

 TKA  RD = 0.04 (95 % CI −0.12–0.20)  RD = 0.02 (95 % CI −0.06–0.11) 

 Xing et al. [ 81 ]  THA and TKA  OR = 1.75 (95 % CI 0.74–4.16)  OR = 2.13 (95 % CI 1.02–4.45) 

   THA  total hip arthroplasty,  TKA  total knee arthroplasty,  RR  relative risk,  OR  odds ratio,  RD  risk difference    
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that standards of asepsis when injections are not 
done in the operating room are often poor [ 40 ] 
and therefore the fi ndings of this study cannot be 
extrapolated to centers where aseptic techniques 
are less strict. A further limitation of the study is 
that it did not attempt to identify whether patients 
in either the study or control groups received ste-
roid injections from outside the Orthopaedic 
department, potentially leading to selection bias. 

 In a recent study, Cancienne et al. [ 84 ] used a 
national database and looked at patients that had 
a TKA within 3 months, 3–6 months or 6–12 
months after ipsilateral knee injection. These 
patients were matched according to age, gender, 
obesity, smoking status and diabetes with a group 
of patients that underwent TKA without any prior 
documented ipsilateral injection. The incidence 
of infection within 3 and 6 months after surgery 
was signifi cantly higher in the group of patients 
that had TKA within 3 months of knee injection 
compared with the control cohort (138/5313 and 
181/5313 versus 181/13,650 and 319/13,650 
respectively; P < 0.0001). There was no signifi -
cant difference in infection rates in patients who 
underwent TKA 3–6 months or 6–12 months 
after ipsilateral knee injection. One of the limita-
tions of this study is that the use of a database 
does not allow differentiation of the specifi c type 
of injection or dosing. 

 Two case-control studies did not fi nd more 
patients who had a prior steroid injection in a 
group of patients with a PJI compared with no 
PJI. In a retrospective matched case-control study 
Joshy et al. [ 76 ] compared a study group of 32 
patients who had TKA complicated by deep 
infection with a control group of 32 TKA patients 
selected from a database who did not develop 
infection. Groups were matched for age, year of 
operation, American Society of Anesthesia grade 
and type of arthritis. Exposure of each group to 
intra-articular steroid injection was determined 
using hospital notes only. The results showed no 
signifi cant differences between the numbers of 
patients who received intra-articular steroid 
injection in the two groups, leading the authors to 
conclude that previous steroid injection was not a 
risk factor for postoperative infection. A more 
recent retrospective case-control study reported 

similar fi ndings [ 75 ]. Forty patients who either 
developed postoperative wound infection within 
6 months following TKA, or required revision 
surgery for infection were compared with 352 
patients who underwent TKA without postopera-
tive infection. As well as review of hospital 
records, patients were sent questionnaires asking 
whether they had ever received a knee injection at 
any stage prior to TKA, and if so, by which type 
of practitioner (Orthopaedic surgeon, GP, 
Rheumatologist). The authors compared 28 
infected cases (77.5 % response rate) with 219 
patients (69.5 % response rate) who did not 
develop infection. The average number of injec-
tions received prior to surgery was 2.23 (range 
1–15), and the mean time of last injection before 
TKA was 16 months (range 1 month to 45 years). 
In the control group, it was found that 32 % of 
patients had received a steroid injection prior to 
surgery, compared with 39 % in the infected 
group. The results showed that prior steroid 
injection was not associated with an increased 
risk of postoperative infection (p = 0.44). There 
was no signifi cant difference in infection rate 
with regard to whether the GP, Rheumatologist or 
Orthopaedic surgeon administered the injection. 
Exposure to steroid injection prior to TKA was 
identifi ed via the questionnaire only, without 
attempts to screen Orthopaedic, Rheumatology, 
or GP records. Therefore, this study is potentially 
subject to signifi cant recall bias. 

 Marsland et al. [ 85 ] performed a meta- analysis 
of both retrospective case-control studies and 
both cohort studies that evaluated the risk of 
infected TKA in association with pre-operative 
steroid injection. Due to the small sample size the 
study rendered as signifi cantly underpowered. 
One of the major limitations was that there was 
no apparent attempt by the authors to identify 
patients given steroid injections in the commu-
nity, potentially leading to selection bias. The 
evidence suggesting that patients who receive 
steroid injections prior to TKA are at increased 
risk of postoperative infection is weak with no 
obvious correlation with timing, dosage or fre-
quency of injections. The authors conclude that 
considering the paucity of data, it is essential that 
good communication regarding previous steroid 
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treatment exists between GPs, rheumatologists 
and orthopaedic surgeons when arthroplasty sur-
gery is being considered.  

    Summary: Steroids and PJI 

 With regards to the risk of PJI when an intra- 
articular steroid injection is given prior to joint 
arthroplasty, the current body of evidence cannot 
be used to provide clear recommendations and 
further research is required. Based on different 
meta-analyses and two large database studies, the 
risk of developing a PJI could be twice as high in 
patients who received an intra-articular steroid 
injection compared with patients who underwent 
joint arthroplasty without prior injection. 
Although this difference was not always found to 
be statistically signifi cant, it might be of clinical 
relevance. Accurate needle placement is obvi-
ously benefi cial in both reducing adverse effects 
and achieving the maximal clinical benefi t [ 86 ]. 
When administering steroid injections, it is 
important to comply with the standards of asepsis 
to minimize the risk of any breech of sterile tech-
nique. In patients that had an intra-articular ste-
roid injection, the surgeon may choose to delay 

arthroplasty surgery until any residual effects of 
the steroid injection are thought to have subsided. 
Caution should be used when planning a THA 
within 2 months after an intra-articular steroid 
injection. For TKA after an intra-articular steroid 
injection, waiting for at least 3 months [ 84 ] up to 
11 months would be justifi ed [ 77 ]. 

 Although several case reports have high-
lighted the risk of septic arthritis after the intra- 
articular administration of non-steroids in native 
joints [ 87 – 92 ], there are no data available on the 
risk of PJI when injections with compounds other 
than steroid are given.   

    PJI After Previous Surgery 

 Preoperative diagnosis of posttraumatic arthritis 
with or without prior surgery has consistently 
been found to be a risk factor for PJI [ 24 ,  25 , 
 93 – 98 ]. Overall, previous surgery was related to 
PJI with an odds ratio of 2.1 (95 % CI 0.9–5.0 %) 
after multivariate regression analysis [ 94 ] 
Potential explanations for this include the com-
plexity of the procedure, prolonged surgical time, 
low grade infection, and less favorable status of 
the soft tissue (Fig.  6.2 ).

a b

  Fig. 6.2    Anteroposterior pelvis radiographs of a 58-year- 
old man who sustained proximal femoral fracture treated 
with a sliding hip screw ( a ). The fracture failed to heal and 
collapsed and he was subsequently treated with a total hip 

arthroplasty ( b ). Three weeks postoperatively he was 
readmitted with a periprosthetic joint infection that was 
successfully treated with open irrigation and debridement       
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      Total Hip Arthroplasty 

 Depending on the fracture type, internal fi xation 
has been widely accepted as an effective treat-
ment of proximal hip fractures. Nevertheless, 
treatment of these fractures occasionally fails. 
This may be due to poor bone quality, the fracture 
pattern, suboptimal fracture fi xation, poor 
implant position or osteonecrosis [ 99 – 101 ]. The 
reported overall failure rates with internal fi xa-
tion are: 3–12 % failure in the internal fi xation 
itself, 2–12 % device penetration, 2–5 % non-
union, and 5–11 % malunion causing varus 
deformity [ 102 – 104 ]. Failed treatment of hip 
fractures typically leads to profound functional 
disability and pain. The two main treatment 
options for patients who have a proximal hip 
fracture that has failed after internal fi xation are 
internal fi xation of the ununited fracture or sal-
vage treatment with a THA [ 104 – 107 ]. When 
there is poor bone quality, a damaged femoral 
head, damaged articular cartilage, or limb- 
shortening, the chance of achieving a good clini-
cal result is low and THA has been used as a 
salvage technique [ 108 ,  109 ]. There are a number 
of specifi c technical diffi culties to successful 
THA in this setting, including the presence of 
failed internal fi xation devices, bone deformity, 
bone loss, and poor bone quality. Compared with 
primary THA, this could lead to an increased 
complication rate, including PJI, due to possible 
pre-existing subclinical sepsis, decreased local 
host resistance because of scarring and reduced 
vascularity, prolonged operating time and diffi -
culty of surgery. 

 Fitzgerald et al. [ 93 ] found that, excluding the 
group with miscellaneous diagnoses, the highest 
incidence of PJI in patients without previous sur-
gery occurred in those with posttraumatic degen-
erative joint disease. The incidence in infection 
rates between patients with and without previous 
surgery was statistically signifi cant: patients with 
previous surgery had a rate of 2.3 % (23 of 991 
hips) and those without a rate of 0.9 % (19 of 
2224 hips) (p = 0.001). Nelson et al. [ 96 ] reviewed 
the results of 711 THAs and found 16 deep infec-
tions occurred in the 711 hips for an overall 

infection rate of 2.3 %. Nine infections devel-
oped in the 511 hips that had had no previous sur-
gery, accounting for a rate of 1.8 % and 7 
infections occurred in the 200 hips that had had 
one or more previous operations, accounting for 
a rate of 3.5 % (p = 0.16). McKinley et al. [ 95 ] 
compared THA after failed internal fi xation ver-
sus primary arthroplasty for displaced intracap-
sular hip fractures. In this retrospective matched 
control study, there was a superfi cial infection 
rate 12 of 107 THAs in the failed fi xation group 
versus 3 of 107 in the primary THA group 
(p = 0.03) and deep infection 8 of 107 THAs in 
the failed fi xation group versus 2 of 107 THAs in 
the primary THA group (p = 0.10).  

    Total Knee Arthroplasty 

 Posttraumatic or secondary osteoarthritis may 
develop after a fracture around the knee as a 
result of (1) the alteration of the osseous anat-
omy leading to altered knee mechanics, (2) car-
tilage damage as part of the initial injury, or (3) 
the presence of subchondral implants that may 
perforate the articular cartilage [ 110 ]. Compared 
with a matched control group and after adjust-
ment for medical comorbidity, tibial plateau 
fracture repair increased the likelihood of TKA 
5.3 times [ 111 ]. The TKA rate, however, was 
fairly low, with only 7.3 % of patients with a 
tibial plateau fracture having had a TKA by 10 
years after fi xation. For patients who had a TKA 
after open reduction internal fi xation (ORIF) of 
the tibial plateau, each year of age older than 16 
years at injury conferred an additional risk of 
eventual TKA of 3.4 %. The vast majority of 
patients treated with TKA after a previous frac-
ture around the knee have substantial improve-
ment in function and relief of pain. However, the 
procedure is technically demanding and these 
patients are at increased risk for perioperative 
complications and failure [ 110 ,  112 ,  113 ]. It has 
been hypothesized that the risk of perioperative 
complications is increased by previous opera-
tions because of poorly planned skin incisions or 
devitalized tissue planes [ 114 ]. 
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 In a review of 4171 primary TKAs, the rate of 
joint infection in patients who had prior knee 
surgery was 1.4 % compared with 0.3 % in 
patients without prior surgical intervention 
(p = 0.007) [ 98 ]. A previous operation on the 
knee was a signifi cant risk factor for infection, 
but only for the osteoarthritic knees. In the knees 
of the patients who had rheumatoid arthritis, an 
approximately equal percentage of those who 
did or did not have a previous operation subse-
quently became infected. Peersman et al. [ 25 ] 
studied a cohort of 6489 TKAs, of which 116 
knees became infected and 113 were available 
for follow up. Each patient with an infected TKA 
was matched for gender and age with two nonin-
fected TKAs done during the same month. After 
logistic regression, one of the comorbidities that 
achieved statistical signifi cance was prior open 
surgical procedures (p < 0.001). In another study, 
a total of 43,149 primary and revision knee 
arthroplasties, registered in the Finnish 
Arthroplasty Register, were followed for a 
median of 3 years of which 387 reoperations 
were performed because of infection [ 24 ]. Cox 
regression analysis demonstrated that the odds 
ratio for PJI was 1.86 (95 % CI 1.12–3.11) in 
patients with secondary OA and 2.4 (95 % CI 
1.3–4.2) in patients with posttraumatic 
OA. Suzuki et al. [ 97 ] looked specifi cally at pre-
vious surgery as a risk factor for infection and 
divided cases of previous operation around the 
knee joint into two groups: previous arthroscopic 
surgery and previous non-arthroscopic surgery. 
In addition, cases of previous non-arthroscopic 
surgery were divided into previous high tibial 
osteotomy and previous ORIF groups, and 
examined accordingly. In the univariate analysis, 
variables that achieved statistical signifi cance 
were: previous operation around the knee joint, 
previous non-arthroscopic surgery, and previous 
ORIF. Variables not associated with infection 
included previous arthroscopic surgery and pre-
vious high tibial osteotomy. Stepwise logistic 
regression analysis indicated the predictor of 
infection was previous ORIF. In addition, rem-
nants of previous internal fi xation material were 
found to be statistically signifi cant related to 
infection.  

    Summary: Previous Surgery and PJI 

 Prolonged surgery, poorly planned skin incisions, 
devitalized tissue planes, and low blood supply 
around the scar tissue could be causes of an 
increase in PJI in patients who had open surgery 
before their total joint arthroplasty. Although not 
much literature has been published, at the 
International Meeting on Periprosthetic Joint 
Infection there was a strong consensus (94 % 
agree, 4 % disagree) that a history of previous 
surgery is a potential risk factor for development 
of surgical site infection or PJI after elective total 
joint arthroplasty [ 115 ]. The patient’s previous 
surgical history should be documented and a 
proper evaluation of the local wound environ-
ment should be done. Some authors have advo-
cated an infection workup in all patients who 
have had previous surgery at the site of an upcom-
ing arthroplasty [ 116 ]. Others have demonstrated 
that the retrieval of internal fi xation devices and 
joint arthroplasty can be performed safely as a 
single stage procedure without signifi cantly 
increasing the risk of periprosthetic infection 
[ 117 ,  118 ]. After THA and TKA the risk of PJI 
can be two to four times higher in patients that 
had previous (open) surgery. There is some data 
to suggest that in TKA the risk of PJI is not asso-
ciated with previous arthroscopic surgery and 
previous high tibial osteotomy.   

    Conclusion 

 Elective arthroplasty needs to be withheld for 
some patients at extreme risk of PJI, but there 
is inadequate evidence in the literature as to 
what the exact threshold for making this deci-
sion should be. Based on previous studies, an 
electronic risk calculator was developed to 
estimate the risk of PJI which can be used to 
counsel patients regarding their patient- 
specifi c risks of PJI after THA [ 2 ]. Some of 
the risk factors are potentially modifi able and 
if addressed before surgery may lead to a 
decrease in the rate of PJI [ 29 ]. 

 Prospective studies with meticulous col-
lection of data have problems in achieving 
suffi cient numbers to be effectively statisti-
cally powerful. Large registry-based studies 
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often rely on re- admission or re-operation as 
a surrogate measure of infection and hence 
miss numerous infections successfully treated 
conservatively. The fi ndings presented in this 
chapter are based on retrospective studies 
with a short follow-up period resulting in sig-
nifi cant heterogeneity. Most of the studies 
covering the subject of this chapter are related 
to the hip and knee and it is not sure whether 
these data can be extrapolated to PJI in other 
joints [ 119 – 121 ]. 

 Until better and more conclusive data is 
available, orthopaedic surgeons should be aware 
that previous steroid injection or surgery are 
potential risk factors for the development of PJI. 

 Surgeons should remain vigilant for expo-
sure to previous steroid injections, so that a 
correct sterile technique during injection is 
maintained at all time and might consider to 
postpone arthroplasty surgery to reduce the 
risk of PJI. In patients who had previous open 
surgery preoperative counseling, management 
of all modifi able risk factors, diligent monitor-
ing, expeditious diagnosis and treatment are 
warranted. These implications are minimal in 
relation to the health and economic burden 
caused by a possible PJI.     
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    Abstract  

  Periprosthetic joint infection (PJI) remains a dreaded complication after 
hip and knee replacement surgery. Therefore, rapid and accurate detection 
of the causative pathogen is essential to intervene early and control the 
infection appropriately. The traditional pathway for diagnosing PJIs 
includes thorough history taking and physical examination, laboratory 
testing of serum and synovial fl uid, various imaging modalities and analy-
sis of intraoperative samples. None of the diagnostic tests available is 
100 % sensitive and specifi c for diagnosing infection. Accordingly, an 
algorithm of major and minor criteria based on these tests has been devised 
by the Musculoskeletal Infection Society (MSIS) to aid the diagnosis and 
treatment. 

 This chapter aims to summarise the traditional pathway of diagnosing 
PJI with emphasis on strengths and weaknesses of available tests and strat-
egies implemented to improve the diagnostic yield of those tests. New 
technologies based on biomarker assays, biofi lm targeting and the applica-
tion of metabolomics are currently underway and will be detailed in the 
following chapter.  
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      Introduction 

 Despite all precautions taken in patient selection 
and patient optimisation preoperatively, peri-
prosthetic joint infection (PJI) after hip and knee 
replacements remains an important yet diffi cult 
complication to manage. In fact, Sir John 
Charnley considered stopping hip replacement 
surgery in the 1960s because of the consequences 
of PJI [ 1 ]. An important factor contributing to 
the diffi culty of managing PJIs is the lack of a 
test which is 100 % sensitive and specifi c to 
diagnose infection. Hence, the huge variations in 
the approach to managing PJIs and the diffi culty 
comparing strategies and outcomes of infection 
control. The combination of available tests into 
an algorithm of major and minor diagnostic cri-
teria by the Musculoskeletal Infection Society 
has sought to rectify this problem [ 2 ]. Further 
modifi cation of this algorithm by the International 
Consensus Group (ICG) on PJI has been widely 
accepted by clinicians, societies and world 
organisations including the Centers for Disease 
Control (CDC) (Table  7.1 ). Nevertheless, identi-
fi cation of the causative organism and its charac-
teristics may not always be feasible. Therefore, a 

systematic diagnostic approach should be com-
bined with an individualised therapeutic strategy.

   This review article aims to summarise the tra-
ditional pathway of diagnosing PJI which 
includes thorough history taking and physical 
examination, laboratory testing of serum and 
synovial fl uid, various imaging modalities and 
analysis of intraoperative samples.  

    History and Physical Examination 

 A thorough history and physical examination are 
important to identify the type of PJI encountered 
and assess patient’s risk factors and suitability for 
surgical treatment. Acute infection according to 
Tsukayama et al. [ 3 ] presents within 4 weeks of 
the index procedure and is characterised by con-
tinuous pain and an erythematous, swollen and 
fl uctuant wound with purulent discharge and 
occasional wound dehiscence. Systemic symp-
toms such as fever and chills may also occur. 
Chronic infection on the other hand, occurs after 
4 weeks from the index procedure [ 3 ] and is char-
acterised by gradual deterioration of function, 
persistent pain from the time of the operation and 

   Table 7.1    Defi nitions of periprosthetic joint infection   

 Musculoskeletal Infection Society (MSIS)  Centers for Disease Control (CDC) on PJI 

 Major criteria:  Major criteria: 

 1. There is a sinus tract communicating with the prosthesis; or  1. A sinus tract communicating with the joint; or 

 2. A pathogen is isolated by culture from 2 or more separate 
tissue or fl uid samples obtained from the affected prosthetic 
joint; or 

 2. Two positive periprosthetic tissue or fl uid 
cultures with matching organisms; or 

 Minor criteria:  Minor criteria: 

 3. When 4 of the following 6 criteria exist:  3. When 3 of the following 5 criteria exist: 

   (a) Elevated ESR and CRP    (a) CRP >100 mg/L AND ESR >30 mm/h 

   (b) Elevated synovial WCC    (b) Synovial fl uid WCC >10,000 cells/μl OR 
++ change on leucocyte esterase strip test of 
synovial fl uid 

   (c) Elevated synovial polymorphonuclear percentage 
(PMN%) 

   (c) Elevated synovial fl uid PMN percentage 
(>90 %) 

   (d) Presence of purulence in the affected joint    (d) A single positive periprosthetic tissue or 
fl uid culture 

   (e) Isolation of a microorganism in one culture of 
periprosthetic tissue or fl uid, or 

   (e) Positive histological analysis of 
periprosthetic tissue (more than 5 pmns per 
high power fi eld)    (f) Greater than 5 neutrophils per high-power fi eld in 5 

high-power fi elds observed from histologic analysis of 
periprosthetic tissue at ×400 magnifi cation 
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a draining sinus. Relevant history includes pro-
longed wound discharge and wound healing after 
multiple courses of antibiotics. A previous his-
tory of infection is also important especially in 
tuberculosis where reactivation of infection may 
occur after a prolonged period of quiescence. 
Haematogenous infection can occur at any time 
after the index operation [ 3 ] and typically 
involves a prosthesis that has been functioning 
well for months or years. The most frequent pri-
mary seeding site is skin and soft tissue infec-
tions [ 4 ]. However, other sources of infection 
may include the urinary, respiratory, and gastro-
intestinal tract, as well as recent dental work [ 5 ]. 
This type of infection is more likely to occur in 
immunocompromised patients and hence the 
importance of carefully assessing this subset of 
patients for comorbidities such as diabetes, 
chronic renal impairment, infl ammatory arthrop-
athy and malignancies. 

 Early diagnosis of PJI in a well-fi xed implant 
may allow salvage of the prosthesis using an 
aggressive early debridement strategy with 
exchange of modular components, whereas a 
delay in diagnosis or in the case of chronic infec-
tions, a single or staged exchange procedure may 
be more appropriate to control the infection. In 
either case, rapid intervention based on thorough 
assessment has been deemed a primary prognos-
tic factor for infection control as it may prevent 
biofi lm formation by the infecting bacteria [ 6 ].  

    Serological Tests 

 The white blood cell count (WBC) and 
polymorphonuclear (PMN) percentage have been 
found to have a minimal role in routine workup 
of patients with suspected PJI due to low 
sensitivity and specifi city [ 7 ,  8 ]. However, the 
C-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR) should be used as a 
screening tool for all patients with suspected 
infection. The CRP level reaches maximum 
values within 48 h from surgery and returns to 
normal within 3 weeks, whereas ESR may remain 
elevated for months post surgery [ 6 ,  9 ]. Therefore, 
an elevated CRP is more accurate in identifying 

infection [ 10 ]. A CRP level of >10 mg/L and an 
ESR level of >30 mm/h correlated with PJI in all 
total hip arthroplasties (THAs) that were 
complicated by deep infection in two studies [ 8 , 
 11 ]. As a result, authors recommended combining 
both tests to improve the accuracy of diagnosing 
infection. It is important though to recognise that 
ESR and CRP are nonspecifi c markers of 
infl ammation and that they are frequently 
elevated in other infl ammatory and infectious 
conditions as well as malignancy, which may 
cause false-positive results for PJI. Additionally, 
they are elevated in the early postoperative period 
after a routine hip or knee replacement. Therefore, 
Bedair et al. [ 12 ] and Yi et al. [ 13 ] defi ned the 
threshold values for CRP in acute postoperative 
PJIs of the hip and knee as 93 and 95 mg/L, 
respectively. Greidanus et al. [ 14 ] suggested that 
both ESR (sensitivity, 0.93; specifi city, 0.83; 
positive likelihood ratio, 5.81; accuracy, 0.86) 
and CRP (sensitivity, 0.91; specifi city, 0.86; 
positive likelihood ratio, 6.89; accuracy, 0.88) 
have excellent diagnostic test performance. In a 
recent study of 320 PJIs, Zajonz et al. [ 15 ] 
showed no differences between hip and knee 
arthroplasty patients regarding levels of 
infl ammatory markers. Parvizi suggested in a 
recent study [ 16 ] that the best diagnostic strat-
egy after confi rming abnormal CRP and ESR 
 levels would be a diagnostic aspiration of the 
joint. On the other hand, the American Academy 
of Orthopaedic Surgeons Clinical Practice 
Guidelines on PJIs [ 17 ] suggest that even normal 
levels of ESR and CRP do not rule out PJI, and 
that these tests alone should not be relied on for 
defi nite exclusion of PJI. 

 Interleukin-6 (IL-6) and procalcitonin have 
also been investigated and were initially presented 
as valuable markers for detecting PJIs [ 18 – 20 ]. 
However, recent studies showed no superiority of 
either test over CRP in diagnosing infection [ 21 –
 23 ]. Additionally, studies relating to IL6 have 
been criticised for not accounting for the con-
founding infl uence of previous antibiotic use and 
associated infl ammatory conditions on IL-6 per-
formance [ 18 ,  19 ]. 

 Other serum biomarkers elevated in PJI that 
are under investigation for future application 
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include tumour necrosis factor (TNF)-α, short- 
chain exocellular lipoteichoic acid, soluble 
intercellular adhesion molecule-1, and monocyte 
chemoattractant protein-1 [ 24 ].  

    Synovial Fluid Tests 

 Hip and knee aspirations are performed using the 
surgeon’s preferred technique. However, a strict 
aseptic technique is essential to reduce false- positive 
results and prevent iatrogenic periprosthetic infec-
tion. Fluoroscopic guidance is usually utilised for 
the hip joint but  ultrasound- guided hip aspirations 
have also been reported [ 25 ]. Local anaesthetic and 
contrast material should be avoided due to the 
potential bactericidal effect and associated false-
negative results [ 26 ,  27 ]. Similarly, it is recom-
mended that patients stop any antibiotics for a 
minimum of 2 weeks prior to obtaining synovial 
fl uid or cultures to avoid false-negative results [ 28 ]. 
The synovial fl uid should be sent for microbiologic 
cultures, WBC count and differentials. Blood cul-
ture fl asks should be used for the synovial fl uid [ 29 ], 
and specialised media are required for suspected 
atypical infections, such as Lowenstein-Jensen 
media for mycobacteria [ 30 ] or Sabouraud’s dex-
trose agar for fungi [ 31 ]. Prolonged culture incuba-
tion for 14 days may be required if  P. acnes , fungi or 
mycobacterium are suspected [ 32 ]. However, cul-
tures for mycobacterium and fungi should not be 
done routinely as this would not be cost-effective 
[ 33 ]. If the culture results are negative in the setting 
of elevated synovial and serum markers suggestive 
of infection, repeat aspiration should be performed 
prior to surgery or initiation of antimicrobial treat-
ment [ 34 ]. The optimal cut-points of synovial WBC 
count, PMN percentage and serum CRP levels for 
diagnosing acute and chronic hip and knee PJIs are 
detailed in Table  7.2  [ 12 ,  13 ,  35 ].

   Leucocyte esterase (LE) testing has recently 
been added to the minor diagnostic criteria for 
PJIs used by the ICG/CDC due to the low cost, 
easy applicability and high sensitivity (80 %) 
and specifi city (100 %) rates reported [ 36 ]. 
However, it is important to remember that the 
presence of blood in the synovial fl uid aspirates, 
may negatively affect the interpretation of the 

LE strip but that centrifuging the sample over-
comes this problem without affecting the accu-
racy of the test [ 37 ,  38 ]. 

 Synovial CRP and IL-6 have also been pro-
posed to improve diagnostic accuracy in PJI. For 
example, combined measurement of synovial CRP 
and α-Defensin levels demonstrated a sensitivity 
of 97 % and a specifi city of 100 % for the diagno-
sis of PJI and correctly diagnosed 99 % of cases as 
aseptic or infected [ 39 ]. However, despite some 
studies suggesting a superiority of synovial CRP 
over serum CRP [ 40 ,  41 ], a recent report suggested 
that synovial CRP does not offer a diagnostic 
advantage in detection of PJIs [ 42 ]. Randau et al. 
[ 43 ] suggested that synovial IL-6 is a more accu-
rate marker than serum WBC and CRP for the 
detection of PJIs and that combining serum and 
synovial IL-6, compared with performing each 
test individually improves the diagnostic yield. 
Recent studies have also shown that IL-6 has high 
specifi city and accuracy even when patients who 
were taking antibiotics and those with systemic 
infl ammatory diseases were included [ 41 ,  44 ]. 

 Other synovial biomarkers elevated in PJI 
which are under investigation for future applica-
tion include cytokines such as IL-1β, IL-6, IL-8, 
IL-17, TNF-α, interferon-δ, and vascular endo-
thelial growth factor, human β-defensin-2 (HBD-
2) and HBD-3, and cathelicidin LL-37 [ 24 ]. New 
technologies based on synovial fl uid biomarker 
analysis, biofi lm targeting and the application of 
metabolomics are currently underway and will be 
detailed in the following chapter.  

   Table 7.2    Laboratory threshold values for periprosthetic 
joint infection of the knee and hip   

 Acute  Chronic 

 TKA  THA  TKA  THA 

 Serum CRP 
(mg/L) 

 95  93  10  10 

 Synovial 
WBC Count 
(cells/μL) 

 27,800  12,800  1100–
4000 

 3000 

 Synovial 
PMN Cells 
(%) 

 89  89  64–69  80 

  Abbreviations:  TKA  total knee arthroplasty,  THA  total hip 
arthroplasty,  CRP  C-reactive protein,  WBC  white blood 
cell,  PMN  polymorphonuclear  
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    Imaging Modalities 

 Plain radiographs should be included in any 
workup for infected joint replacements. However, 
they are neither sensitive nor specifi c for detec-
tion of infection. Radiographic fi ndings includ-
ing loosening and osteolysis are common to both 
septic and aseptic failures. On the other hand, 
periosteal new bone formation and endosteal 
scalloping, are more suggestive of infection but 
are not seen in all cases [ 8 ]. 

 Computed tomography (CT) provides detailed 
analysis of bony structures and may show 
evidence of soft tissue collections. However, it is 
limited due to metal artefact, is associated with 
low sensitivity for detecting PJI and exposes 
patients to high doses of radiation alongside the 
signifi cant cost associated with using them [ 45 ]. 
Magnetic resonance imaging (MRI) is also 
limited due to metal artefact and studies relating 
to accuracy of metal artefact reduction sequence 
(MARS) MRIs are limited in the literature [ 46 ]. 

 Scintigraphy studies may be helpful when 
results of serologic tests are falsely elevated due 
to infl ammatory conditions and cultures of 
synovial fl uid are unreliable because of 
administration of antibiotics or in the case of a 
dry tap especially if the patient is not planned for 
surgery [ 47 ]. However, the cost of a scan is 
signifi cant and comparable to that of a CT or 
MRI scan, the amount of radiation is equivalent 
to a CT scan, and results can remain positive for 
as long as one year after a knee or hip arthroplasty 
due to the increased uptake from the surgery 
itself. A number of isotopes including 
Technetium-99 m, Gallium-67 citrate, and 
Indium-111-labelled WBCs have been used with 
variable sensitivities and specifi cities in detecting 
PJIs. Ouyang et al. [ 48 ] reported in a recent 
systematic review that overall sensitivity and 
specifi city for using triple phase bone scans to 
detect PJI was 0.83 and specifi city was 0.73. 
However, the sensitivity and specifi city for 
detecting infected arthroplasty of the hip (0.81 
and 0.78, respectively) were signifi cantly higher 
than those of the knee (0.75 and 0.55, respectively; 
p < 0.05). A meta-analysis of antigranulocyte 
scintigraphy with monoclonal antibodies 

studying PJI in THAs showed sensitivity and 
specifi city of 83 % and 80 %, respectively [ 49 ]. 
On the other hand, sensitivity of Indium-111- 
labelled white blood cell labelled scans for 
detecting periprosthetic hip infections has been 
reported as low as 50 % in the literature [ 50 ]. 

 Fluorodeoxyglucose (FDG)-positron  emission 
tomography (FDG-PET) has been  investigated 
over the last decade for a role in diagnosing PJIs. 
The investigation relies on the fact that infl amma-
tory cells express more glucose transporters, 
resulting in intracellular accumulation of deoxy-
glucose which cannot be metabolised by the cell 
and can be identifi ed by PET imaging. Although 
a meta-analysis conducted in 2006 by Prandini 
et al. [ 51 ] reported a sensitivity of 94.1 % and a 
specifi city of 87.3 % for detecting PJI, another 
meta-analysis in 2008 [ 52 ] reported the overall 
diagnostic performance of FDG-PET as moder-
ate to high and warned about heterogeneity of 
studies available in the literature. Two further 
studies published over the last 3 years [ 53 ,  54 ] 
suggested that the role of FDG-PET in  diagnosing 
PJI is still to be determined. It is worth noting as 
well that this type of imaging is currently only 
available in tertiary referral centres and 
that it costs three times the cost of a bone scan 
or MRI [ 55 ].  

    Intraoperative Assessment 

 Intraoperative assessment at the time of revision 
surgery starts with evaluating the tissue appear-
ance and classically performing gram stains of 
fl uid or tissue samples collected. However, it is 
important to recognise that neither tissue appear-
ance nor gram staining are reliable indicators for 
ruling in or ruling out infection [ 8 ,  56 ]. 

 Intraoperative frozen sections have been 
reported as useful methods for detecting PJI in 
patients planned for revision surgery when other 
tests have been suggestive but not conclusive of 
infection [ 47 ]. Samples from deep tissues 
including the interfaces between bone and cement 
and cement and the implant should be sent for 
analysis. An experienced pathologist is essential 
to interpret the results according to the number of 
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WBCs visualised per high power fi eld. A study of 
175 revision arthroplasties recommended using 
10 WBCs/high power fi eld as a threshold for 
diagnosing infection with a sensitivity of 0.84 
and specifi city of 0.99 [ 57 ]. MSIS/CDC 
guidelines recognise more than 5 PMNs per high 
power fi eld as a minor diagnostic criterion for PJI 
[ 35 ]. A recent study suggested that at the time of 
second-stage reimplantation surgery, frozen 
section is useful in ruling in infection, where the 
specifi city is 94 %; however, there is less utility 
in ruling out infection, because sensitivity is only 
50 % [ 58 ]. Intraoperative synovial fl uid sampling 
follows the same principles as preoperative 
synovial fl uid sampling as outlined previously. 

 Intraoperative cultures are presumed to be the 
gold standard for identifying PJI. However, they 
are subject to false-negative and false-positive 
results [ 3 ]. As with joint aspiration, careful tech-
nique and withholding antibiotics for at least 2 
few weeks preoperatively are essential to reduce 
false negatives [ 28 ]. The defi nitive diagnosis of 
PJI is made when the same organism is isolated 
from at least two intraoperative cultures [ 35 ]. 
However, various studies suggest that three to six 
samples are collected from superfi cial, deep and 
periprosthetic tissues in order to obtain an accu-
rate diagnosis of infection [ 35 ,  59 ,  60 ]. The 
explanted component should also be sent to the 
microbiology lab for sonication as this improves 
sensitivity of the cultures from 61 to 78 % even 
with patients who are receiving antibiotic treat-
ment [ 61 ]. The incubation period for cultures 
should be at least 7 days. However, reports pub-
lished recently suggest prolonging incubation for 
14 days as this increases the chances of identify-
ing organisms that otherwise may remain culture 
negative (26.4 % additional cases were classifi ed 
as infected at 14 vs. 7 days) [ 32 ,  62 ]. 

 In 10–15 % of cases, despite the presence of 
clear signs for infection including gross puru-
lence, cultures may still be negative [ 63 ]. Possible 
causes may be inappropriate collection of sam-
ples, short incubation duration and the use of anti-
microbial therapy prior to samples collection. 
Interestingly though, Ghanem et al. [ 64 ] demon-
strated that the administration of preoperative 
antibiotics to patients with a positive preoperative 

joint aspirate did not interfere with the isolation of 
the infecting organism more than when antibiotics 
were stopped. Therefore, it is paramount to liaise 
carefully with microbiologists to facilitate rapid 
and accurate analysis of intraoperative samples. 

 In conclusion, the combination of various 
diagnostic tests into the MSIS algorithm has 
improved consensus and approach to managing 
PJIs. A paradigm shift towards new technologies 
based on biomarker assays, biofi lm targeting and 
the application of metabolomics may be the way 
forward to further improve our ability to diagnose 
and treat this diffi cult problem in the future.     
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    Abstract  

  Periprosthetic joint infection (PJI) remains a major burden on patients, 
physicians, and the health care system following joint arthroplasty. There 
has been extensive research into new and future technologies that could 
potentially increase the accuracy of diagnosing infection, and improve our 
ability to identify the infectious agent at the species level. The new 
generation of diagnostics utilizes traditional molecular and complex new 
technologies to identify the presence and identity of infectious agents. 
With respect to molecular diagnostics, the alpha-defensin biomarker assay 
has demonstrated high levels of sensitivity and specifi city in the diagnosis 
of virulent and non-virulent organisms. Assays based on detecting biofi lm 
antigens have shown promise as well. The advent of new technologies 
such as matrix-assisted laser desorption ionization time of fl ight mass 
spectrometry (MALDI-TOF MS), polymerase chain reaction electrospray 
ionization mass spectrometry (PCR-ESI/MS), and the application of 
metabolomics to joint infection, may lead to assays that rivals current 
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new technologies, biomarker assays and MS or PCR based assays have the 
potential to become the new standards for diagnosing PJI.  
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   Despite advances in the detection and treatment 
of periprosthetic joint infection (PJI), this com-
plication remains a major burden on patients, 
physicians, and the health care system after joint 
replacement surgery. New technologies and bet-
ter treatment algorithms have reduced the inci-
dence of PJI after hip and knee arthroplasty to 
0.3 % and 2 %, respectively [ 1 ,  2 ]. Despite the 
low incidence, the effects of this complication are 
suffi ciently devastating and costly to warrant our 
continued attention in the fi elds of diagnosis and 
treatment. 

 The timely detection of the presence of 
infection and the identifi cation of the respon-
sible pathogen are the two most important fac-
tors in the diagnosis of PJI. A battery of 
diagnostic tests for the detection of PJI are now 
considered part of a traditional work-up, 
including serological tests (ESR, CRP), syno-
vial fl uid tests (WBC count, PMN percentage, 
culture) and intraoperative tissue tests (histol-
ogy and tissue culture). These traditional tests 
have been combined into an algorithm of major 
and minor criteria for the defi nition of PJI by 
the Musculoskeletal Infection Society (MSIS) 
[ 3 ]. However, despite demonstrating their 
value in the diagnosis of infection over the past 
few years, they all have shortcomings. 
Furthermore, a fi nal MSIS criteria-based diag-
nosis is only available after defi nitive surgical 
treatment. 

 There has been great interest recently in new 
and future technologies that could potentially 
increase the accuracy of diagnosing infection, 
and improve the identifi cation of responsible 
organisms. Molecular biology in particular, has 
provided the resources by which research into 
biomarkers of disease and nucleic acid technolo-
gies have become possible. 

    Molecular Tests 

    Biomarkers 

 While methods like cultures and histological 
tests attempt to directly detect the infectious 
organism, methods like ESR and CRP detect 
changes in the host’s infl ammatory response that 
may indicate the presence of an infection. The 
materials and technology necessary to perform 
systemic blood tests for changes in the body’s 
immune response are readily available at most 
health care institutions. These tests lack the sen-
sitivity and specifi city to act as a reliable diag-
nostic tool. Other phenomena or diseases, many 
of which are common to patients who have 
undergone a joint replacement, can elicit a sys-
temic immune response that mimics infection. 
For example, autoimmune diseases such as rheu-
matoid arthritis and systemic infections not 
affecting the joint of interest may cause elevated 
levels of infl ammatory markers. 

 Such issues have led to the interest in synovial 
fl uid biomarker-based diagnostics in recent years. 
While systemic host response markers can have a 
lower sensitivity and specifi city for PJI [ 4 ], direct 
analysis of the synovial fl uid offers hope for a 
more specifi c marker for infection. Synovial fl uid 
not only contains greater levels of certain bio-
markers than blood, but it also is largely unaf-
fected by external causes of infl ammation [ 5 ,  6 ]. 
Therefore, synovial fl uid provides a highly con-
centrated sample from the joint of interest for the 
analysis of relative changes in biomarker levels 
and the potential diagnosis of infection. 

 Early research in this area aimed to identify bio-
markers that are elevated in the synovial fl uid to dif-
ferentiate infection from aseptic infl ammation. For 
example, in order to identify differences in genetic 
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transcription between infection and gout, 
Deirmengian et al. [ 7 ] analyzed synovial fl uid sam-
ples from 7 patients with acute  Staphylococcus 
aureus  infections of the knee, and 5 samples from 
patients with acute gout. Genome-wide microarrays 
were used to identify the up- or down-regulation of 
genes and genetic pathways. In the infected patients, 
the interleukin pathway, the tumor necrosis factor 
pathway, and the anti-bacterial pathway were up-
regulated. This proof-of- concept study laid the ini-
tial groundwork for the development of more 
feasible biomarker immunoassays. 

 Using the up-regulated genes and pathways as 
a starting point, a second study by Deirmengian 
et al. [ 5 ] initiated the process of converting the 
microarray data into a viable immunoassay for the 
diagnosis of joint infection. Of the 124 genes that 
showed statistically signifi cant differences in the 
microarray study, 23 biomarkers were selected for 
analysis based on their involvement in key antimi-
crobial or infl ammatory response pathways. The 
synovial fl uid samples of 51 patients undergoing 
revision arthroplasty were tested for the 23 poten-
tial biomarkers for periprosthetic infection, and 
results showed that 12 out of the 23 biomarkers 
demonstrated signifi cantly higher average levels 
in the synovial fl uid of infected versus aseptic 
patients. The biomarkers interleukin-1b, interleu-
kin-6, and granulocyte colony-stimulating factor 
were found to have greater specifi cities and sensi-
tivities than ESR and CRP. Other markers, includ-
ing interleukin-1a, interleukin-8, interleukin-17, 
and vascular endothelial growth factor (VEGF) 
were identifi ed as potentially useful biomarkers in 
this study as well. Jacovides et al. [ 8 ] performed a 
similar study analyzing 46 proteins as potential 
predictors of PJI. Five of those proteins were 
identifi ed as promising markers, three of which 
matched the publication by Deirmengian et al. [ 5 ] 
(interleukin-6, interleukin-8, and VEGF).  

    Alpha-Defensin 

 The initial studies mentioned and research further 
into the subject led to the identifi cation of alpha- 
defensin as a highly accurate synovial fl uid 

biomarker for PJI [ 9 ]. The alpha-defensin 
antimicrobial peptide is the body’s natural 
antibiotic, produced by neutrophils upon contact 
with any pathogen. This represents the innate 
immune system’s most primitive response to a 
pathogen, allowing for the local buildup of an 
antimicrobial environment. 

 Several peer-reviewed clinical studies have 
demonstrated the high accuracy of the alpha- 
defensin test [ 9 – 13 ]. Although most previous stud-
ies on infection diagnostics have excluded patient 
populations expected to reduce test performance, 
the studies on synovial fl uid alpha- defensin did not 
exclude such patients with multiple co-morbidities 
or those on antibiotics. Deirmengian et al. [ 11 ] 
demonstrated recently that alpha-defensin alone 
had a sensitivity of 97 % and a specifi city of 96 % 
for PJI among 149 patients tested. The specifi city 
improved to 100 % when also utilizing the syno-
vial fl uid CRP to interpret test results. In another 
study of 57 patients, Bingham et al. [ 13 ] reported 
an alpha- defensin test sensitivity of 100 % and 
specifi city of 95 % for PJI. 

 In addition to high sensitivity and specifi city 
for PJI, the alpha-defensin test appears to provide 
equivalent results for both virulent and less 
virulent organisms. In a study reporting on 244 
culture and defensin positive synovial fl uid 
samples [ 12 ], the median alpha-defensin level 
was similar for all organisms and categories of 
organism causing infection.  

    Biofi lm Detection 

 Previous studies have demonstrated that certain 
microbial proteins which are up-regulated during 
biofi lm formation are recognized by the antibody- 
mediated immune response [ 14 ]. One such pro-
tein or antigen that is up-regulated during 
 Staphylococcus aureus  biofi lm formation is the 
MntC (a manganese transporter SACOL0688). 
Serum immunoglobulin G (IgG) and immuno-
globulin A (IgA) antibody levels against a number 
of antigens were studied in 21 patients with 
 Staphylococcus aureus  infection and compared to 
30 aseptic controls [ 15 ]. MntC was the only 
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 antigen associated with a 5 fold increase in the 
initial-to-peak IgG antibody response and a 2 fold 
increase in IgA antibody response. In a follow-up 
clinical study, 30 synovial fl uid samples from 
chronically infected PJIs were assessed for the 
presence of  S. aureus . Enzyme- linked immuno-
sorbent assays (ELISA) were used to detect host 
antibody response to MntC in order to determine 
whether anti-biofi lm antibodies could act as a 
viable diagnostic tool for the identifi cation of 
 S. aureus  in the synovial fl uid. A single sample 
only produced a positive assay for  S. aureus . 
Polymerase chain reaction- based techniques and 
standard cultures confi rmed the presence of 
 S. aureus  in the sample identifi ed, and the absence 
of  S. aureus  in all other samples [ 16 ]. 

 By conjugating anti-biofi lm antibodies to fl u-
orophores, evidence from the literature has 
shown the ability to use anti-biofi lm antibodies to 
detect and localize  S. aureus  biofi lms with high 
specifi city in murine models [ 16 ]. With further 
development, this could become a rapid, sensitive, 
and inexpensive diagnostic tool in humans for the 
detection of  S. aureus  and other infectious 
species.   

    Bacterial Detection Technologies 

    MALDI-TOF MS 

 Matrix-assisted laser desorption ionization time 
of fl ight mass spectrometry (MALDI-TOF MS) 
is a relatively new technology that has shown 
promise for rapid and cost-effective [ 17 ] 
diagnosis of PJI. In studies analyzing the accuracy 
of MALDI-TOF MS in detecting species within a 
bacterial colony, an analysis of 1660 different 
bacterial isolates demonstrated that MALDI- 
TOF MS correctly identifi ed 95.4 % of the 
bacteria; 84.1 % at the species level, and 11.3 % 
at the genus level [ 18 ]. In similar studies using 
MALDI-TOF MS, van Veen et al. [ 19 ] reported 
correct species identifi cation in 84.8–97.7 % of 
cases and Bizzini et al. [ 20 ] identifi ed the correct 
species in 93.2 % of cases. 

 In studies relating to PJI, similar results have 
also been observed. For example, Peel et al. [ 21 ] 

showed that MALDI-TOF MS performed on 
cultures isolated from synovial fl uid samples of 
septic and aseptic patients correctly identifi ed the 
species in 89 % of cases, and the genus in an 
additional 2 % of cases. The study demonstrated 
the value of this technique as an ancillary test to 
help distinguish true positive culture results from 
false-positives resulting from contamination. 
Although many of the infectious species 
accounting for PJI are often the same species that 
are responsible for culture contamination [ 22 – 24 ], 
certain species are more likely to cause infection 
than others. Therefore, the ability to identify the 
cultured bacteria at a species level may help to 
differentiate between infectious bacteria and con-
taminants. In fact, Peel et al. [ 21 ] demonstrated 
that  Staphylococcus aureus  and  Staphylococcus 
caprae  were always associated with a true 
 infection. On the other hand,  Staphylococcus 
 epidermidis  and  Staphylococcus lugdunensis  
were equally likely to be a pathogen or a 
 contaminant and other staphylococci species 
that were  coagulase-negative were more likely 
to be  contaminants. Most streptococcal and 
C orynebacterium  pathogens were shown to be 
pathogens [ 21 ]. Therefore, the value of MALDI- 
TOF MS comes, not through its ability to detect 
the presence of infection only, but also through 
its ability to identify pathogens at the species 
level and characterizing cultured pathogens as 
true infections or contaminants. More work how-
ever, is needed to refi ne this technique before it 
can be confi dently used as a diagnostic and deci-
sion-making tool in the setting of PJI.  

    PCR 

 Conventional methods for direct detection of 
infectious organisms showed less-than-optimal 
results, with cultures for example failing to 
reliably confi rm or exclude infection. Therefore, 
methods like polymerase chain reaction (PCR) 
were introduced to improve the reliability of 
detecting infection. PCR gained popularity in the 
1980s as a rapid method of replicating and 
sequencing genetic material, giving it widespread 
use in genetic testing and forensics. In the 1990s, 
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PCR was applied for the fi rst time in diagnosing 
PJI [ 25 – 28 ]. 

 As methods for extracting microbial DNA for 
PCR analysis progressed [ 29 ], it became clear 
that PCR suffered from many of the same 
drawbacks as previous investigations [ 30 ]. As a 
tool with a strong ability to replicate and magnify 
nucleic acids, PCR is inherently prone to false 
positives even in the presence of minute levels of 
contamination. DNA from noninfectious or even 
dead bacteria, are also often detected [ 31 ]. 
However, the application of propidium monoazide 
and ethidium bromide has been introduced to 
reduce the false positives by removal of DNA 
derived from cells lacking cell wall integrity [ 32 ]. 
This could prove to be worthy especially in 
patients who have been treated with antibiotics 
and still harbor DNA from deceased bacterial 
cells. However, such treatment is not completely 
ready for clinical use because they do not fully 
inhibit the replication of DNA from dead bacterial 
cells during PCR [ 33 ]. 

 The various PCR techniques that have been 
developed for the detection of PJI are discussed 
below.  

    Broad-Range PCR 

 As opposed to using primers that identify 
regions of DNA unique to a single species or 
strain of bacteria, broad-range PCR acts as a 
universal test for bacterial infection by detecting 
chromosomal regions that are conserved across 
most or all bacterial species. Therefore, broad-
range PCR is a more sensitive test when the spe-
cies of the infectious agent is unknown. This 
increased sensitivity, however, comes with its 
disadvantages. By using non-specifi c PCR 
primers, broad-range PCR increases the false 
positive results of PCR because it allows for the 
detection of bacterial species that are not known 
to cause bacterial infection. Furthermore, as 
described above, confi rming the presence of an 
infection and the infectious species are impor-
tant for the subsequent treatment and eviscera-
tion of the infectious organism. Due to its 
non-specifi c nature, broad-range PCR does not 

identify the specifi c species, and further tests to 
confi rm species type can be time-consuming 
and inaccurate. 

 Despite these drawbacks, the method has 
shown some clinical promise. Panousis et al. 
analyzed a series of 92 consecutive revision knee 
arthroplasties and demonstrated a sensitivity of 
92 % and a specifi city of 74 %. The diagnostic 
value was, however, plagued by high false 
positives. While the negative predictive value 
was 98 %, the positive predictive value was only 
34 %, leaving Panousis et al. [ 34 ] unwilling to 
confi dently endorse this method.  

    Multiplex PCR 

 Multiplex PCR is a method that attempts to 
diminish the high false positive frequency 
associated with broad-range PCR. While broad- 
range PCR uses a single set of PCR primers to 
identify a single universal region of DNA 
common to all bacteria, multiplex PCR 
simultaneously uses many sets of PCR primers, 
each of which is targeted to a DNA region that is 
unique to the organism being investigated, 
allowing for the detection of specifi c bacterial 
species. By probing only for DNA from species 
known to cause infections of the joint, this 
method eliminates many of the false positives 
associated with broad-range PCR. Additionally, 
by allowing for the direct detection of both the 
presence and identity of the pathogen, multiplex 
PCR represents a vast improvement in turn- 
around time compared to standard cultures for 
identifying slow-growing organisms such as 
 Propionibacterium acnes  [ 35 ].  P. acnes  is a 
species thought to cause more than one of every 
three infections after shoulder arthroplasty, and 
may require roughly 2 weeks to grow on a 
traditional culture. Because cultures are often not 
grown for this duration, multiplex PCR offers a 
method to detect many slow-growing bacteria 
that would otherwise not be detected by 
traditional cultures [ 6 ]. 

 In a study by Achermann et al. [ 36 ] the multi-
plexing technique was used to analyze 37 cases 
of PJI. Multiplex PCR using species- specifi c 
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primers was able to identify the presence and 
identity in 100 % of the infected samples. 
Additionally, while the relative sensitivity of 
cultures in their study dropped by nearly 30 % in 
cases when the infection was previously treated 
with antibiotics the sensitivity of multiplex PCR 
was not changed. 

 Additionally, PCR using primers for specifi c 
regions of DNA can probe specifi cally for the 
presence of antibiotic resistance genes [ 35 ,  37 –
 39 ]. For example, Tarkin et al. [ 39 ] demonstrated 
that a rapid, 5 h procedure aimed at detecting the 
 MecA  gene responsible for methicillin-resistance 
in MRSA was 97 % sensitive for the presence of 
infection. Despite other studies showing a slightly 
lower accuracy for this drug-resistance-gene- 
specifi c probing [ 35 ], PCR multiplex shows vast 
improvements over the traditional methods. 

 Unfortunately, even multiplex PCR is hindered 
by the balance between sensitivity and specifi city. 
Most reports of highly sensitive tests lack the 
specifi city that would be considered acceptable. 
Similarly, reports of highly specifi c multiplex 
assays generally have a sensitivity that is equiva-
lent to culture techniques. These considerations 
need to be resolved before a reliable PCR test for 
PJI is utilized in a clinical setting.  

    Reverse-Transcriptase PCR 

 As discussed in the introduction to PCR, methods 
that rely on the replication of bacterial DNA may 
unintentionally replicate DNA from dead 
bacterial cells that result from contamination, or 
dead cells that remain in the host patient after 
treatment with antibiotics. Because it is common 
for patients who are being screened for the 
presence of infection to be currently using 
antibiotics or to have used antibiotics in the 
recent past, it is important to have a diagnostic 
tool that is insensitive to DNA from dead bacterial 
cells. Reverse-transcriptase PCR aims to diagnose 
infection via the detection of RNA rather than 
DNA. Because RNA is less stable than DNA, it 
has a shorter half-life and hence more rapidly 
degrades during a bacterial cell’s life and after its 
death as compared to DNA. 

 Despite insuffi cient data to warrant the 
widespread use of reverse transcriptase PCR for 
the diagnosis of PJI, the conceptual framework 
behind this method has been established. In a 
proof-of-concept experiment, Birmingham at al. 
[ 40 ] demonstrated the strengths of this method in 
simulated septic synovial fl uid. Synovial fl uid 
aspirations were inoculated with bacteria then 
analyzed using reverse transcriptase PCR to 
identify bacterial messenger RNA (mRNA). All 
samples that were inoculated with bacteria were 
identifi ed as positive for infection, and no false 
positives were observed. Additionally, 
Birmingham et al. demonstrated that treatment of 
synovial fl uid with antibiotics to eradicate the 
infection led to a steady decrease in mRNA 
concentrations, minimizing the detection of dead 
or non-viable bacteria by this method and 
indicating that reverse transcriptase PCR may not 
yield false positives due to lingering mRNA from 
dead bacterial cells. 

 While mRNA is relatively scarce in the cell 
and few universal bacterial mRNA sequences are 
known [ 6 ], ribosomal RNA (rRNA) is abundant 
within the cell and has regions of homology 
across different bacterial species. Even more 
importantly, rRNA also has regions that are 
unique to individual species. Therefore, rRNA 
PCR can be used as both a general screen for 
infection, as well as a directed probe to identify 
the species of the infectious organism. Bergin 
et al. [ 41 ] studied the ability of reverse 
transcriptase PCR to identify bacteria by probing 
for rRNA. The method was able to identify rRNA 
in all 6 of the clearly infected patients. There 
were no false positives amongst the group of 50 
uninfected patients. Despite the small sample 
size of infected patients to make strong 
conclusions about the sensitivity of reverse 
transcriptase PCR for rRNA, the elimination of 
false positives is a large step forward for the use 
of PCR as a diagnostic tool for PJI. 

 Similar to Birmingham et al. [ 40 ], Bergin 
et al. [ 41 ] found an antibiotic-dependent decrease 
in the detected levels of rRNA. However, rRNA 
levels in synovial fl uid samples took roughly 1 
week to drop below the level of detection after 
antibiotic treatment, even though these fl uid 
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samples showed no growth on cultures. The 
authors concluded that these samples were 
“septic but unculturable.” If these remaining 
levels of mRNA are from “septic but unculturable” 
bacteria rather than remaining rRNA fragments 
from dead bacterial cells, then reverse 
transcriptase PCR offers a fantastic method for 
identifying the presence of a lingering bacterial 
infection in patients who have been treated with 
antibiotics, a population in which detection is 
especially diffi cult to detect with standard 
cultures [ 42 ].  

    PCR-ESI/MS 

 Polymerase chain reaction electrospray ionization 
mass spectrometry (PCR-ESI/MS) is a technology 
that couples PCR with electrospray ionization 
mass spectrometry of fl uid from sonicated 
explanted joint implants. Though the technology 
is not new [ 43 ], its application to the diagnosis of 
PJI is rather novel [ 44 ]. While previous attempts at 
using this technique for the diagnosis of PJI suf-
fered from low specifi cities [ 45 ], improvements to 
the technology have yielded about an 81 % sensi-
tivity and 95 % specifi city [ 46 ]. In addition to its 
high sensitivity and specifi city, this technology 
allows for the detection of over 3400 bacterial spe-
cies and four antibiotic resistance markers:  bla  KPC , 
 vanA ,  vanB , and  mecA  [ 46 ]. As discussed above, 
both the presence of infection and the identity of 
the infectious species, including any genetic varia-
tions that confer antibiotic resistance, are highly 
important in determining the subsequent treatment 
path. By allowing for the detection and identity of 
the infectious species, PCR-ESI/MS offers a fan-
tastic opportunity for the rapid and accurate detec-
tion of bacterial species.  

    Metablomics 

 The fi eld of metablomics involves the study of 
the chemical fi ngerprint left behind by cellular 
and molecular processes [ 47 ,  48 ]. As the 
byproducts of metabolic processes, metabolites 
offer insights into the exact nature of the processes 

that are occurring within the cellular environment 
being analyzed. Therefore, the study of 
metabolomics could represent a promising new 
avenue for the diagnosis of infection. Metabolites 
specifi c to the host response to pathogen invasion 
or specifi c to the infectious species itself could be 
identifi ed using the chemometric (profi ling) 
metabolomic method. The quantitative (targeted) 
method to metablomics could then be used to 
establish the standard ranges of certain 
metabolites in septic and aseptic patients. With 
established baseline levels, metabolite levels 
from patients suspected to have PJI could be 
analyzed and compared to the reference standards 
to diagnose the presence of PJI [ 6 ,  49 ]. 

 More work is needed in the fi eld of metabolo-
mics relative to PJI in order to identify potential 
metabolites in the synovial fl uid, urine, or blood 
that could be used in the diagnosis of infection. 
Future work must also focus on methods that 
decrease the cost and time- commitment demanded 
by current metabolomics analyses in order to make 
it a viable method for the diagnosis of PJI.      
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      Local Antibiotic Therapy: 
Antibiotic-Loaded Cement                     

     Akos     Zahar     

    Abstract  

  Antibiotic-loaded bone cement is widely used in orthopaedic surgery 
mainly for fi xation of cemented implants in total joint replacement. The 
prophylactic use in primary and revision arthroplasty is part of the routine 
antibiotic prophylaxis in addition to the systemic administration. In the 
treatment of prosthetic joint infection, antibiotic-loaded bone cement is 
used at the re-implantation of cemented implants at the second stage of 
two-stage septic exchange, or for fi xation of cemented implants at one- 
stage septic exchange of total joint arthroplasty. But cement is not only a 
tool of fi xation. In two-stage septic exchange, a spacer is inserted after the 
fi rst-stage surgery where customized antibiotic-loaded bone cement pro-
vides high local concentrations of the antimicrobial agent in order to elim-
inate the bacteria from the infected joint. In direct exchange of the 
one-stage procedure, it is one of the most important tools to provide effec-
tive local concentrations of antibiotics, which allows for direct 
re-implantation after radical debridement of the infected surgical site. 
With high local concentrations of antimicrobial agents the recolonization 
and biofi lm formation at the surface of the new implant can be avoided. 
Industrially manufactured antibiotic-loaded bone cement is preferably 
used, but hand mixing of additional antibiotics may be required.  
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      Introduction 

 The treatment of prosthetic joint infection (PJI) 
consists of radical surgical debridement and 
removal of all foreign material. Supplementary 
antibiotic therapy ensures the success of the 
surgical procedure. The treatment of these 
infections is challenging; therefore, it should be 
carried out in specialized centres in cooperation 
with an experienced infectious disease specialist 
[ 1 ]. Antimicrobial therapy can be achieved by 
systemic use and local application, based upon 
the recommendation of the infectious disease 
consultant [ 2 ]. 

 Polymetyl-metacrylate (PMMA) bone cement 
is widely used for fi xation of implants at total 
joint replacement. The cement as a drug delivery 
system for local antibiotic therapy at prosthetic 
joint infection is one of the possible treatment 
options to inhibit biofi lm formation on the surface 
of the implants [ 2 ]. Effective bactericidal levels 
can hardly achieved by systemic administration 
of antimicrobial agents, but the local use of 
antibiotics allows for supramaximal dosage and 
effective killing of bacteria at the site of surgery. 
Sessile bacteria within the biofi lm have an 
elevated minimal inhibitory concentration (MIC) 
[ 3 ]. Basic research of this topic made it possible 
to develop prefabricated antibiotic-loaded bone 
cements that are used in both aseptic and septic 
revisions. Additional antibiotics can be hand- 
mixed with these products in order to achieve an 
individualized anti-infective treatment based 
upon the microbiological fi ndings [ 4 ]. 

 Antibiotic-loaded acrylic bone cement 
(ALAC) is commonly used for antibiotic delivery 
during total joint arthroplasty (TJA) for 
prevention or treatment of periprosthetic joint 
infection. ALAC is commonly used in two-stage 
exchange arthroplasty with static and dynamic 
spacers, beads, rods, and other custom made 
spacers. The use of commercially available or 
hand-made ALAC for primary and revision TJA 
to prevent infection has also been studied. 
Commonly used antibiotics include gentamicin, 
tobramycin, and vancomycin powder, and these 
antibiotics can be used alone or in combination, 
depending on the organism present. ALAC can 

be prepared by hand mixing to increase porosity 
and improve antibiotic elution. Hand-mixed 
cement is often used in two-stage septic exchange 
for shaping spacers and beads. Although there are 
some limitations ALAC is an effective medical 
implant tool that can be used for treating and pre-
venting PJI [ 5 ].  

    History 

 Professor H.W. Buchholz, founder of the ENDO- 
Klinik in Hamburg, started the fi rst investigations 
in the late 1960s mixing various antibiotics to 
Palacos R bone cement [ 6 ,  7 ]. He studied the 
physical, chemical and mechanical characteristics 
of the modifi ed bone cement and he worked up 
the samples together with his microbiologist in 
order to show the antibacterial effect of the new 
product [ 7 ,  8 ]. Sir J. Charnley from the UK was 
quite sceptical concerning the antibiotic loading 
of bone cement and elution of the drug, and 
wrote: “My dear Buchholz, nothing leaks out of 
stone.” After several investigations at the cement 
manufacturer’s laboratory in Germany about the 
admixture of antibiotics to bone cement on the 
mechanical properties, the concerns in terms of 
poor fi xation of the implant were gone [ 8 ]. 
Buchholz and Engelbrecht published their data in 
1970 about long elution times of various 
antibiotics from bone cement [ 6 ]. Nowadays the 
elution characteristics of antibiotics from PMMA 
bone cement are well known and widely accepted. 
As late as in 2003, Simplex P with tobramycin 
became the fi rst cleared antibiotic-impregnated 
bone cement in the United States approved by the 
FDA.  

    Antibiotics 

 High local levels of antibiotics should be 
achieved in order to kill the bacteria at the site of 
surgery and to avoid biofi lm formation [ 2 ]. The 
local antibiotic concentration must be above the 
minimal inhibitory concentration and the mini-
mal bactericidal concentration of the organisms 
[ 9 ]. Not all antibiotics are suitable to be mixed 
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with bone cement. Only substances are used 
which are highly soluble in water, are heat resis-
tant, which are not destroyed by the polymeriza-
tion of the cement and are available as powder 
(and not liquid). At the industrial production of 
antibiotic- loaded bone cement the antibiotics 
should be resistant against the sterilization pro-
cess and should be stable during storage and 
transportation [ 10 ]. 

 In terms of antibacterial effect they have to 
provide a broad antibacterial spectrum, being 
very effective against the organisms even at low 
concentrations, without major side effects for 
the patient. The most important group of antibi-
otics that can be mixed with bone cement is 
aminoglycosides; gentamicin is used in the 
majority of the cases alone or in combination. 
Other commercial bone cements may include 
tobramycin or clindamycin. The combination of 
gentamycin and clindamycin in revision bone 
cements has a synergistic bactericidal effect on 
more than 90 % of the bacteria common to PJI 
cases. For multiresistant organisms like MRSA 
vancomycin-loaded cement is available. 
Vancomycin-loaded bone cement should only 
be used if pathogens are not suffi ciently sensi-
tive towards aminoglycoside antibiotics (e.g., 
gentamycin) or combinations of aminoglyco-
side and lincosamide antibiotics (e.g., clindamy-
cin) [ 10 ,  11 ]. The AAOS recommends 
vancomycin should be reserved for the treat-
ment of serious infections with beta-lactam–
resistant organisms or for treatment of infection 
in patients with life- threatening allergy to beta-
lactam antimicrobials. Daptomycin is the next 
promising candidate for local treatment of 
bone infection due to its activity against multi- 
resistant Staphylococci [ 12 ]. 

 The release of antibiotics from bone cement is 
a question of the surface and the water solubility 
[ 11 ]. That means, not the thickness of the cement 
mantle should be enlarged in order to have higher 
local concentrations, but the area of surface. This 
can be achieved by small holes or roughened 
surfaces. A high initial release within the fi rst 
24 h is followed by a lower release in the 
following days, but small amounts of antibiotics 
are still detectable after several years [ 10 ,  13 ]. 

 The exact behaviour of the antibiotics in 
combination with PMMA is not predictable by 
theoretical considerations. For each antibiotic 
combination and each type of bone cement the 
elution characteristics are shown in experi-
ments, and these results should be taken into 
consideration when the individual therapy of 
PJI is discussed [ 10 ,  14 ]. 

 The concerns about the mechanical strength 
of the bone cement after adding antibiotics are 
not without any reason. In fact, the addition of 
antibiotic powder weakens the bone cement, but 
proper fi xation is still given [ 13 ,  15 ,  16 ]. The 
addition of liquid to the PMMA infl uences the 
polymerization and the curing of the cement, 
that’s why it is not recommended [ 10 ,  13 ]. When 
antibiotic powder is mixed to PMMA bone 
cement by the surgeon, the weight of the powder 
shouldn’t exceed 10 %, which means not more 
than 4 g of antibiotics with 40 g of PMMA bone 
cement [ 10 ,  13 ]. 

 The most important antibiotic substances 
available in industrially manufactured ALAC are 
shown in Table  9.1 .

       Carrier for Local Therapy 

 Vacuum mixing has an effect on the antibiotic 
release: the porosity of the bone cement facilitates 
the diffusion, meaning, if the porosity is reduced 
by vacuum in order to remove the air voids from 

   Table 9.1    The main antibiotics in industrial manufac-
tured bone cements   

 Substance  Type of ABX  Characteristics 

 Gentamycin  Aminoglycoside  Bactericidal, 
inhibits bacterial 
protein synthesis 

 Tobramycin  Aminoglycoside  Bactericidal, 
inhibits bacterial 
protein synthesis 

 Clindamycin  Lincosamide  Bacteriostatic, 
inhibits bacterial 
protein synthesis 

 Vancomycin  Glycopeptide  Bactericidal, 
inhibits the 
bacterial cell wall 
synthesis 
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the cement matrix, the antibiotic release decreases 
[ 13 ]. That’s why we do not recommend vacuum 
mixing of antibiotic-loaded bone cement in one- 
or two-staged septic exchange. 

 Beads showed higher elution characteristics 
in vivo than the spacers due to their larger surface 
area; however, a great amount of inter-subject 
variability was seen for both beads and spacers. 
The inferior elution properties of spacers 
emphasize the importance of additional systemic 
antibiotics for this treatment procedure during 
the postoperative period. Future studies should 
clarify whether the dose of antibiotics or length 
of antibiotic therapy may be reduced in the case 
of bead implantation, without jeopardizing the 
control of infection [ 9 ].  

    Hand Mixing of Antibiotics 

 Industrially manufactured antibiotic-loaded 
PMMA cements have some clearly defi ned 
benefi ts [ 11 ,  14 ]. Homogenous and reproducible 
distribution of the antibiotic powder within the 
dough, reliable release profi le and standardized 
mechanical properties are the main advantages. 
But there are also some limitations, like resistant 
organisms against the available antibiotic 
combinations. Industrially manufactured ALAC 
products are shown in Table  9.2 .

   Addition of antibiotics to bone cement by the 
surgeon or the scrub nurse was recommended by 
Buchholz, but the method has been criticized, as 
the mixture might be inhomogeneous and the 
antibiotic release might be uncontrolled. Manual 

mixing of antibiotics might result in poorer 
mechanical properties, which is why industrially 
manufactured bone cements are preferred [ 10 , 
 13 ]. In certain cases hand mixing is the only 
option to create proper antibiotic mixtures that 
cover the susceptibility of the organism; these 
individual cases should be considered as off-label 
use [ 10 ]. 

 Several mixing methods have been studied in the 
literature. None of the mixing methods had consis-
tently dissimilar homogeneity of antibiotic distribu-
tion from the others. Based upon scientifi c data hand 
mixed low-dose ALAC is not less homogeneous 
than commercially premixed formulations [ 17 ]. 

 The treatment with a customized antibiotic 
combination in the bone cement based on the 
antibiogram can be carried out if no proper indus-
trially manufactured product is available. The 
antibiotics can be individually adjusted to the 
susceptibility of the organism and the special 
requirements of the patient (e.g., allergy). 

 The effects of the mixing speed of hand-mixed 
bone cement and the different phases of antibi-
otic mixing on the elution, mechanical proper-
ties, and porosity of antibiotic-loaded bone 
cement were evaluated. Vancomycin-loaded low 
viscosity bone cement was prepared at two hand-
mixing speeds, normal and high-speed, and with 
antibiotic addition during three phases (directly 
mixing with the PMMA powder, in the liquid 
phase, and in the dough phase). The cumulative 
antibiotic elution over 15 days in the high-speed 
group was signifi cantly increased by 24 % 
compared with the normal-speed group. The 
delayed antibiotic addition produced signifi cantly 

   Table 9.2    Industrial manufactured antibiotic-loaded revision bone cements and indications   

 Manufacturer  Product  Antibiotics  Indication 

 Biomet  Refobacin 
revision 

 1.0 g gentamycin 
 1.0 g clindamycin 

 One- or two-stage revision for PJI caused by gentamycin 
and clindamycin-sensitive bacteria 

 Heraeus  Copal G + C  1.0 g gentamycin 
 1.0 g clindamycin 

 Revision for PJI caused by gentamycin- and 
clindamycin-sensitive bacteria 

 Copal G + V  0.5 g gentamycin 
 2.0 g vancomycin 

 Single- or two-stage revision of proven severe PJI by 
pathogens sensitive to vancomycin (such as MRSA/
MRSE) 

 Stryker  Simplex P with 
 Tobramycin 

 1.0 g tobramycin  “For the fi xation of prostheses to living bone in the 
second stage of a two-stage revision for total joint 
arthroplasty” 
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higher vancomycin elution, but no difference was 
observed between the liquid and dough phases. 
Bone cement prepared with high-speed hand 
mixing and delayed antibiotic addition can 
exhibit increased antibiotic release [ 18 ]. 

 Antibiotic powders used for hand mixing 
should be commercial preparations or prepared 
by a designated pharmacy for intravenous use 
[ 10 ]. According to medical law it is the 
physician’s liability to modify the medical 
product by admixing antibiotics; therefore, it 
should be well documented and the reasons 
explained in the patient’s fi le.  

    Instructions for Hand Mixing 
of Antibiotics to Bone Cement 

 The whole procedure must be carried out under 
sterile conditions in the operating theatre in an 
accurate way by the surgeon or an experienced 
scrub nurse. The cement mixing system is used in 
order to homogenize the cement powder with the 
antibiotics. The sterile cement mixing system is 
handled by the scrub nurse (or surgeon), and the 
antibiotic containers are opened by the unsterile 
(circulating) nurse with a sterile clamp. Care 

must be taken with the antibiotic containers, 
because they are unsterile outside, but sterile 
inside. Once the container is opened carefully, 
the powder is spread into a sterile bowl. Now the 
sterile nurse can homogenize the antibiotic crys-
tals with a proper device. The PMMA cement 
powder is fi lled into the cement mixing system 
without any liquid. Then the antibiotic powder is 
fi lled in and the system is closed with the handle. 
Now the nurse (or surgeon) mixes the powders to 
achieve a homogenous mixture with an even dis-
tribution of the crystals within the cement pow-
der. This is very important in order to take 
advantage of the elution characteristics of the 
antibiotics without decreasing the mechanical 
stability of the cured cement considerably. After 
homogenization of the powders the mixture is 
removed from the cement mixing system (into a 
sterile bowl). Now the preparation is fi nished, 
cementing is carried out like always with the liq-
uid fi rst as described in the user’s manual of each 
cementing system. We recommend not using 
vacuum when mixing the antibiotic-PMMA mix-
ture with the monomer liquid, because small air 
voids may facilitate the elution of antibiotics by 
diffusion. 

 See Figs.  9.1 ,  9.2 ,  9.3 ,  9.4 ,  9.5 ,  9.6 ,  9.7 , and  9.8 .

  Fig. 9.1    Cement mixing system is prepared; no vacuum is used       
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              Technique with Cemented Implants 
in One-Stage Septic Exchange 

 If the microorganism and the susceptibility are 
known, one-stage septic exchange of the infected 

implant may be possible. After removal of the 
infected foreign material, resection of infected 
bone and soft tissue and following thorough 
debridement direct re-implantation becomes pos-
sible with the use of local antibiotics. One of the 
treatment options is using cemented implants and 
antibiotic-loaded bone cement [ 1 ]. 

 The special requirements of the one-stage tech-
nique consist of individualized antibiotic  treatment – 
both local and systemic – based upon the treatment 
recommendation of the infectious disease  specialist; 

  Fig. 9.2    Antibiotic powder is given from the non-sterile side, spread into a sterile bowl       

  Fig. 9.3    Antibiotic powder is homogenised with a 
porcelain mortar by the sterile scrub nurse       

  Fig. 9.4    Antibiotics are added to bone cement powder; 
the original plastic bag is used       
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and to create a proper bone stock that allows an 
optimum of cement penetration. Sclerotic bone may 
be resected or roughened by high-speed burs in 
order to open the cancellous bone facilitating the 
cement interdigitation. The cement mantle shouldn’t 
be very thin; an evenly distributed cement layer is 
desirable. No metal surface should be uncovered, in 
exception of the articulating surface. If bone is 

resected and replaced by the implant (e.g., resection 
of the proximal femur), a cement mantle is estab-
lished made out of ALAC. The antibiotics eluted 
from the cement mantle can treat adjacent bone and 
soft tissue. A modern cementing technique with 
pulsatile jet lavage and cement restrictor is used, but 
vacuum mixing is avoided in order to facilitate the 
elution from PMMA.  

  Fig. 9.5    Monomer liquid is fi lled into the cement mixing system       

  Fig. 9.6    The PMMA-antibiotics mixture is fi lled in to start the mixing procedure. Working and curing time is measured 
according to the user’s manual of the bone cement       

 

 

9 Local Antibiotic Therapy: Antibiotic-Loaded Cement



122

    Antibiotic-Loaded Bone Cement 
as Spacer 

 The function of the spacer is to provide effective 
antibiotic concentrations in the joint after removing 
the foreign material and a thorough debridement 
was carried out, and to keep the distance between 
the two ends of the bones of the infected joint [ 19 ]. 
The lifetime of a spacer is quite short, it is kept in 
place for several weeks or months. The mechanical 
strength is obviously a less important issue com-
pared to the cemented implant at one-stage exchange 
or at re-implantation of the two-stage procedure. 

 Further expectations towards the ALAC 
spacer are

•    A fair mechanical strength that resists to shear 
forces when the patient walks on crutches 
with partial weight bearing,  

•   Not to irritate the soft tissues, not causing any 
allergic reaction,  

•   To provide an acceptable function of the joint 
for a short interval between fi rst-stage explan-
tation and re-implantation,  

•   The spacer should be easy to remove without 
any loss of bone stock.    

  Fig. 9.7    ALAC is mixed without vacuum; instructions of 
the cement manufacturer are followed. Keep in mind that 
ALAC has a shorter working time and the proper consis-

tency for cementing is reached earlier as in PMMA with-
out antibiotics       

  Fig. 9.8    Cement application with the gun. Cement viscosity may be different from PMMA without antibiotics       
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 The spacer usually provides an acceptable 
function of the joint, at least for a short period of 
time [ 19 ]. It can be static, which means a tempo-
rary fusion of the joint or mobile, allowing a range 
of motion with some limitations. There are some 
data in the literature showing some considerable 
benefi ts of the mobile spacer in the knee, provid-
ing not only a better function but also a higher 
antibiotic elution [ 20 ,  21 ]. Articulating spacers 
may simplify the surgical exposure at time of re-
implantation. If static spacers are used, they 
should be supplemented by external immobiliza-
tion, such as a brace or cast, to prevent the joint 
from instability during the interval between 
explantation and re-implantation [ 22 ]. 

 The spacer may have a higher antibiotic con-
centration than the ALAC for fi xation [ 23 ]. An 
antibiotic concentration up to 20 % can be 
achieved by hand mixing, which means a maxi-
mum of 8 g of antibiotic powder with 40 g of 
PMMA [ 10 ,  13 ]. 

 The treatment of PJI with methicillin-resistant 
germs like MRSA/MRSE could be diffi cult even 
with the two-stage approach and may be associ-
ated with a higher failure rate [ 21 ,  24 ]. 

 There are several advantages of the interim 
ALAC spacer. It is a modular, custom-made, 
immediate fi t, antibiotic selective, temporary 
implant that allows the surgeon to reconstruct 
defi cient bone stock safely and effectively using 
two-stage exchange arthroplasty. It affords the 
patient rapid pain relief, allows them to mobilize 
quite quickly while successfully eradicating 
infection in more than 90 % of hips with severe 
bone loss, and sets an appropriate soft tissue 
environment for a second-stage procedure [ 25 ].     
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      Local Antibiotic Therapy: 
Non–cement-based Antibiotic 
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    Abstract  

  Bone and soft tissue infections are serious problems that can result in 
 signifi cant morbidity that affects patients drastically. Peri-prosthetic infec-
tions are diffi cult to treat and eradicate. Single-stage revision in the form of 
surgical debridement with retention or exchange of artifi cial components, 
or two-stage revision followed by antibiotic administration remain the 
main stay of treatment. Delivery of antibiotics within the cement mantle 
has become popular in providing high local levels to treat infection. 
However, mixing high concentrations of antibiotics to cement affects its 
porosity and stiffness, thus predisposing loosening at the cement-implant 
interface. In addition, most drug elution occurs within hours, making it dif-
fi cult to be above the minimum inhibitory concentration of bacteria until 
infection is completely treated. This raises the need to develop biodegrad-
able delivery carriers that are able to release high levels of local antibiotics 
for long periods of time and eventually disintegrate into the system, pre-
venting the need for secondary procedures to remove them. This chapter 
discusses different systems present that are currently used to treat bone and 
peri-prosthetic infections. Ongoing research is required to develop these 
local antibiotics delivery systems to allow them to replace long-term sys-
temic antibiotics with their associated complications and toxicity.  
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      Introduction 

 Peri-prosthetic joint infection remains a devastat-
ing complication facing reconstructive surgery. 
Alexander Fleming was fi rst to observe that 
locally applied antiseptics decreased bacterial 
burden, but also failed to sterilize chronically 
infected wounds. During World War II, Jensen 
et al. found that thorough debridement, haemo-
stasis, instillation of sulfanilamide crystals fol-
lowed by primary closure and immobilization, 
resulted in a reduced infection rate for open frac-
tures [ 1 ]. 

 Dombrowski and Dunn, found the use of 
closed wound irrigation-suction a successful 
method of delivering high concentrations of anti-
biotics locally after debridement of infected 
wounds [ 2 ]. Since the early 2000s, increased 
research into local antibiotic delivery systems 
paved the way for used of high concentration lev-
els of antibiotics locally, preventing side effects 
and toxicity of prolonged systemic antibiotics.  

    Advantages of Local Antibiotic 
Delivery Methods in Infected Join 
Replacements 

 In 2004, Lazzarini et al. [ 3 ], considered excision 
of infected and devascularized tissues, oblitera-
tion of dead space, restoration of blood supply 
and soft tissue coverage, stabilization and recon-
struction of the damaged bone, removal of all for-
eign bodies and systemic antimicrobial therapy 
were crucial components of the treatment of 
infected bone and joint replacements. Hanssen 
et al. [ 4 ], argued that in order to achieve thera-
peutic drug concentration in the affected area, 
high systemic doses are generally required which 
can further worsen toxic side effects. In addition, 
systemic antibiotic treatment may be ineffective 
in patients with poorly vascularized infected tis-
sues, making the antibiotics unable to breach the 
glycocalyx or biofi lm produced by the infecting 
bacteria [ 5 ]. 

 Recently developed local antibiotic delivery 
systems also have the advantage of providing 
the scaffold on which osteoinductive and 

osteoconductive materials can be placed in 
addition to local antibiotics [ 6 ].  

    Characteristics of Ideal Local 
Antibiotic Delivery Method 

 Scientists have endured to develop the ideal local 
drug delivery system since antibiotics were dis-
covered. This would produce high antibiotic lev-
els at the site of infection and prevent side effects 
and toxicity of systemic antibiotics. Sustainability 
of antibiotic levels and availability above mini-
mum inhibitory concentration (MIC) for bacteria 
is crucial to allow them to be effective for long 
period of time until complete eradication of 
infection. Moreover, antibiotic elution curves 
including factors that infl uence elution as local 
temperature and pH, together with discovery of 
the most suitable local carrier is still unknown. 
These materials need to be easily placed, patient 
friendly and inexpensive. In 2005, Hanssen 
described the ideal local antibiotic delivery sys-
tem as one that would “would provide a more 
effi cient delivery of higher levels of antibiotics to 
the site of infection and yet minimize the risks of 
systemic toxicity associated with traditional 
methods of intravenous antibiotics” [ 7 ].  

    Forms of Local Antibiotics Carriers 

 The simplest way of local antibiotic delivery is 
powder form. This is done by spraying the antibi-
otic over the wound area after thorough debride-
ment. Rushton published excellent results for 
infection eradication and prevention using this 
method in 1997 [ 8 ]. Although this provided short 
periods of high levels of antibiotics, it potentially 
resulted in tissue damage. 

 Irrigation of local antibiotics in liquid form 
through a closed drainage system was used to 
provide continuous perfusion to the infected area. 
This demanded high level of nursing expertise 
and time to prevent drain blockage and spillage. 

 Plaster of Paris pellets were used by Santschi 
and McGarvey in 2003 with gentamicin with 
excellent results [ 9 ]. The main disadvantage was 
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the need of a second stage procedure to remove 
the pellets as they themselves may act as a foreign 
body and be a medium for bacterial infection. 

 In recent years, biodegradable delivery 
carriers were developed and evaluated for 
delivery of local antibiotics. Biodegradability 
means no need for a secondary surgical procedure 
to remove foreign materials. They also were 
developed to allow more sustained elution of 
drugs in order to eradicate infection over a period 
of weeks. Collagen foam impregnated with 
gentamicin was used effectively by Ruszczak and 
Friess [ 10 ]. Furthermore, fi brin-sealant 
biodegradable materials using cephalosporins 
were developed by Tredwell et al. [ 11 ]. However, 
once collagen foam and fi brin dissolved, no 
osteoinductive or osteoconductive material was 
present to provide a structural base for the 
revision implant. 

 Cancellous bone and hydroxyapatite blocks 
containing vancomycin were used by Witso et al. 
[ 12 ] and Shirtliff et al. [ 13 ], respectively. In 
addition to providing base for elution of drugs, 
they acted as a scaffold on which bone integrated 
with joint prostheses.  

    Forms of Antibiotics 

 In order to select the appropriate antibiotics to 
treat peri-prosthetic infection, an understanding 
of bone and soft tissue microbiology is crucial. 
Peri-prosthetic infection may develop due to 
haematogenous spread or direct inoculation 
from surrounding soft tissues. Predisposing fac-
tors include environmental factors such as 
absence of laminar fl ow theatres, development of 
methicillin- resistant  Staphylococcus aureus  
(MRSA), patient factors as immuno-compro-
mised, diabetic, peripheral vascular disease, 
patients receiving chemotherapy or corticoste-
roids, patients with previous open fractures, or at 
risk patients with recent dental procedures. 
Normal bone is highly resistant to infection, 
hence when microbial load reaches critical den-
sity, they form a biofi lm or glycocalyx that are 
diffi cult for antibiotics to penetrate, resulting in 
chronic infection. 

 Most common microbes to cause infection in 
hip and knee arthroplasties are coagulase- 
negative Staphylococcus, followed by 
Staphyloccocus aureus [ 14 ,  15 ]. Considering the 
above criteria, the most acceptable local delivery 
antibiotics are aminoglycosides. Combination 
therapy is useful in decreasing toxicity, treating 
mixed infections and preventing drug resistance. 
Aminoglycosides are water soluble, allowing 
diffusion from the carrier, stable at body 
temperature, active against bone and joint 
arthroplasty infections. They are released locally 
at levels exceeding minimum inhibitory 
concentration for Staphylococcus species. Their 
stability as compounds makes them suitable to 
load with any kind of composite. They have a low 
rate of primary resistance, with a low rate of 
allergic reaction [ 16 ]. 

 The mainstay of choice of antibiotics relies on 
culture and sensitivity microbiology results. 
Numerous antibiotics can be used in antibiotic 
impregnated carriers. Vancomycin and 
teicoplanin were the most effective antibiotics 
with overall sensitivity rates of 100 % and 96 %, 
respectively. Gentamicin combined with 
vancomycin is the most effective empirical 
treatment and potentially allow for infected joint 
arthoplasties to be treated as a one-stage 
procedure.  

    Biodegradable Delivery Systems 

 The main advantage of biodegradable delivery 
methods over antibiotic loaded cement beads is 
the avoidance of a secondary procedure to remove 
the foreign body, that in itself can become a 
source of infection. In addition, biodegradable 
carriers may provide structural support to 
adjacent bone while infection is eradicated and 
bone remodelling is undertaken. Calhoun and 
Mader [ 17 ] suggest secondary antibiotic release 
occurs during degradation of the carrier, which 
would increase antibacterial effi cacy. 

 Biodegradable delivery carriers can be classi-
fi ed into: bone graft-based, protein-based, and 
synthetic-based materials. Extensive research has 
been conducted to prolong duration of elution of 
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local antibiotics until infection is overcome. This 
led to usage of hydrophobic materials the allowed 
slow release of antibiotics as the materials disinte-
grated.  In vitro  studies showed drug elution of 
ciprofl oxacin on polylactate carriers up to 
350 days [ 18 ], and hydroxyapatite carriers were 
able to elute gentamicin for 90 days [ 19 ]. Jia et al. 
were able to demonstrate Teicoplanin elution on 
calcium sulfate substrate for 29 days [ 20 ]. On the 
other hand,  in vivo  studies showed drug elution 
for shorter periods of time in comparison. 
Stemberger et al. [ 21 ] paved the way for the wide 
use of biodegradable collagen sponge carriers. 
They showed they were able to elute gentamicin 
for 56 days in animal models.  

    Bone Graft–Based Carriers 

 Bone graft was fi rst used as a local antibiotic carrier 
in 1986 by McLaren and Miniaci [ 22 ]. They used 
tobramycin on morselized bone graft on rabbit 
models. They showed that tobramycin was released 
at a bactericidal level for 3 weeks. Chan et al. used 
antibiotic impregnated cancellous bone graft in 
treating infected bone fractures [ 23 ]. Although the 
study group of 36 patients all went to unite, it took 
4–5 months to achieve this with the only complica-
tion reported as skin rash. They used hydroxyapa-
tite struts with antibiotics aided in local treatment 
of bone infection in addition to dead space man-
agement [ 24 ]. The main disadvantage of these 
implants was the rapid release of antibiotics in a 
random manner [ 22 ]. Calcium sulfate in combina-
tion with vancomycin or tobramycin has been used 
successfully as a local antibiotic delivery system by 
Gitelis and Brebach [ 6 ]. They used 1 g of vanco-
mycin or 1.2 g of tobramycin for every 25 g of cal-
cium sulphate (Fig.  10.1 ). Rhyu et al. investigated 
antibiotic-loaded, blood-coated demineralized 
bone in the treatment of infected bones [ 25 ].

       Protein-Based Materials 

 These are natural polymers that are loaded with 
antibiotics and are used in treatment of bone and 
soft tissue infections. They include collagen 

sponge, fi brin-coated, and thrombin-coated 
substrates. They are not as commonly used as 
antibiotic loaded bone cement in treatment of 
periprosthetic infections. 

 These carriers work on the basis of providing 
a protein to which local antibiotics bind. These 
act as physical scaffolds, allowing continuous 
fl ow of antibiotics into the circulation. Elution 
rates are rapid leading to release of all antibiotics 
in a range from hours to days. 

 Collagen sponge foam carrier is most widely 
used worldwide (Fig.  10.2 ). It is formed of sterile 
animal skin or tendo-achillis. It derives its 
popularity from being biocompatible and non- 
toxic. Following numerous experiments by Rao, 
they concluded drug elution rates can be modifi ed 
by changing the porosity of collagen or treating it 
with chemicals [ 26 ]. Moreover, it stimulates 
osteoblast proliferation, promoting mineralization 
and production of collagenous callus. Initial  in 
vitro  studies by Wachol-Drewek et al. suggested 
antibiotic release from collagen foam took 4 days 
to complete [ 27 ]. When collagen sponge was 
impregnated with liposome encapsulated 
antibiotics, the release time increased to 12 days 
[ 28 ]. Their work also showed gentamicin release 
was superior using collagen sponge compared to 
polymethycrylate beads.  In vivo  studies by 
Humphrey et al. [ 29 ] showed collagen sponge 
delivered effective delivery of antibiotics for up 
to 28 days in rabbit models, and trials undertaken 
by Kanellakopoulou and Giamarellos-Bourboulis 
showed they were clinically effective [ 30 ]. 
Further technique refi nement and prolongation of 
drug release are required before they can be 
recommended as delivery carriers for antibiotics 
in treatment of joint infections.

   Fibrin sealants derived from coagulation pro-
teins have great prospective for delivering antibi-
otics, growth factors and chemotherapy to 
targeted sites. They are similar to collagen 
sponge foams in being biocompatable and non-
toxic. They degrade by fi brinolysis within days 
or weeks [ 31 ]. There has been a drive to use 
them with hip and knee replacements. Antibiotics 
with hydrophobic characteristics, such as tetra-
cyclines, have shown promising results with 
fi brin carriers [ 32 ]. This is a result of slow release 
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of these antibiotics from fi brin substrate. 
Cephalosporins and aminoglycosides have 
shown to be released over 60 days for ciprofl oxa-
cin [ 33 ] and over 5–7 days for gentamicin [ 34 ]. 
The main drawback was the release of 66 % in 
the fi rst 2 days. 

 Initial results from Zilch and Lambiris mea-
sured cefotaxime concentrations in serum and 
wound drainage from 46 patients treated with a 
fi brin clot mixed with cefotaxime and injected 
into bone medulla [ 35 ]. Serum levels dropped 
signifi cantly within 12 h, and wound drainage 
maintained high levels for 3 days. Fibrin sealant 
carriers provide promising results in delivering 
local antibiotics used for prophylaxis in joint 

a b

c d

  Fig. 10.1    ( a ) Calcium sulphate mixed with antibiotics placed into silicone moulds. ( b ) Mould is opened after 30 min. 
( c ) Implants are removed. ( d ) Implants are ready to use (Reprinted with permission from Ref. [ 6 ])       

  Fig. 10.2    Genatmicin-impregnated collagen fl eece from 
Collatamp® EG, EUSA Pharma, Oxford, United 
Kingdom       
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replacements. Further work is required to ensure 
the sustained release of drugs from the fi brin clot 
and the slow degradation of the substrate. In 
addition, light needs to be shed on the effect of 
low systemic antibiotics in development and 
evolution of super micro-organisms with 
antibiotics resistance.  

    Synthetic Polymers 

 Great interest by researchers is present in 
developing a carrier with better penetration 
and long lasting drug elution. Synthetic poly-
mers have been widely used in surgery since 
the 1950s as suture material. Advances in tech-
nology have generated more reliable polymers 
that may be used as carriers [ 5 ]. Polyglycolide 
and polylactide derived polymers were selected 
for research as a carrier because they undergo 
gradual controlled degradation and dissolve at 
physiological pH. 

 Using different polymers within the construct 
allows the kinetics of antibiotic release to be 
modifi ed by altering the geometry of the carrier, 
selecting copolymers of varying monometric 
composition, using different polymer crystallinity 
and molecular weight. Makinen et al. showed 
high compatibility of wide variety of antibiotics 
with these polymers and ability to release 
antibiotics for a long time period in therapeutic 
concentrations [ 36 ]. Polymers of polylactides 
and polyglycolic acid have been investigated 
with varying composition ratios [ 37 ]. They 
concluded better stability, delayed decomposition 
and higher elution concentrations of tobramycin, 
vancomycin and clindamycin with polymer 
formed of polylactides and polyglycolic acid 
with a ratio of 90:10. 

 Polymers of lactide/glycolide have been 
suggested as carriers for antibiotics since 1982 
due to their biocompatibility, minimum tissue 
reaction and local infl ammatory response [ 38 ]. 
Some studies showed their superiority to parental 
antibiotics in eradicating infection in animal 
model [ 39 ]. Wei et al. [ 40 ] showed that the MIC 
of antibiotic for the common causative organisms 
of osteomyelitis was exceeded for 6 weeks in the 

cortex, the cancellous bone, and in the bone 
marrow in rabbit models. In addition, majority of 
the implant material has been absorbed, and bone 
marrow had returned to a normal state within 
9 weeks of implantation. 

 Development of micro-capsules composed 
of polylactate shells and containing gentami-
cin was investigated by Garvin et al. in 1992 
[ 41 ]. They compressed the micro-capsules and 
demonstrated that 80 % of antibiotics were 
released in first 3 weeks. Kanellakopoulou 
et al. successfully used co-polymers to treat 
methicillin-resistant Staphylococcus aureus 
(MRSA) in rabbit models [ 30 ]. They showed 
the peak drug release was reached at 15 days 
and produced prolonged antibiotic release, 
and at a higher level. 

 Synthetic polymers need further evaluation 
and development if they were to be widely 
used for treatment of joint and bone infections. 
They lack the ability of providing structural 
integrity. This has allowed antibiotic-loaded 
cement spacers to continue to be used in treat-
ment of periprosthetic infections. However, the 
use of biodegradable antibiotic-impregnated 
carriers have grown with recent studies show-
ing single- stage revision hip and knee replace-
ments to be successful in eradicating infections. 
Currently, there is no polymer that has shown 
superiority in delivering antibiotics locally.  

    Conclusion 

 Micro-organism-specifi c antibiotic delivery is 
fundamental in decreasing morbidity and mor-
tality from orthopaedic-related infections. This 
is also important in preventing the evolution of 
antibiotic-resistant bacteria, by targeting cul-
ture sensitivities. Systemic antibiotics have 
been used effectively for decades, but develop-
ment of resistance to these has led to a need for 
new methods that are able to deliver increased 
antibiotic levels, for prolonged periods, 
decreased toxicity, greater effi cacy and less 
patient morbidity. Antibiotic-impregnated 
cement spacers are currently used successfully 
to treat periprosthetic infections, but they 
require a second procedure for removal of the 
spacer. Single-stage revision total joint 
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 replacements rely on thorough debridement, 
removal of biofi lm, exchange of implants and 
administration of systemic antibiotics for var-
ied periods of time to eradicate infection. 
There is substantial interest in fi nding methods 
of delivering effective doses of antimicrobial 
drugs locally, both in orthopaedics and other 
surgical disciplines. Although most of local 
antibacterial agent contained within a biode-
gradable system may be eluted, only 25 % is 
actually released from polymethylmethacry-
late cement. In addition, biodegradable materi-
als may add structural support that could be 
chosen for local drug delivery system in 
infected joint replacements with signifi cant 
osteolysis, disintegrating as bone forms – pre-
venting the need for a secondary procedure to 
remove the carrier and not acting as a source of 
infection. Much work is still needed in devel-
opment of biodegradable, bio-compatible 
materials, the kinetics of antibiotic elution, and 
further development of current systems before 
many of these formulations can be used. The 
sheer diversity of available systems and the 
lack of suitable trials comparing them  in vivo  
make their evaluation diffi cult. Although col-
lagen foam is currently the most widely used 
local antibiotic delivery system, the duration of 
its antibiotic delivery is very short. Other deliv-
ery systems have shown greater promise, and 
those that are able both to stimulate the forma-
tion of new bone and provide a scaffold, such 
as composite antibiotic carriers, are most likely 
to gain widespread acceptance in the future. 
Better understanding and development of 
microcapsules help sustain release of antibiot-
ics, allowing them to be delivered over a pro-
longed periods of time. There is a wide interest 
in this fi eld both in preventing and treating 
joint infections using locally delivered antibi-
otics, and with further research and develop-
ment, this will provide a major breakthrough in 
treatment of such infections.     
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    Abstract  

  Prosthetic joint infection (PJI) is a devastating complication for the patient 
and for the surgeon. Debridement antibiotics and implant retention is an 
option to manage early presentations of periprosthetic infection. This 
chapter summarises the current evidence on indications, approach and 
relevant literature surrounding this treatment option.  
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      Introduction 

 Early onset periprosthetic join infections (PJI) 
(1–3 months after surgery) are commonly caused 
by  Staphylococcus aureus  ( S. aureus ) and gram- 
negative bacilli; being responsible for nearly 60 % 
of the early onset infections. Polymicrobial infec-
tion is also common during this period. Delayed-

onset PJI (3 months to 1 or 2 years after surgery) 
are commonly caused by coagulase-negative 
staphylococci and enterococci. Late-onset PJI (>1 
or 2 years after surgery) are commonly due to 
hematogenous infection, and  S. aureus  is the pre-
dominant microorganism in this group of patients. 
Culture-negative PJI is encountered in 5–15 % of 
cases. These are usually in delayed- or late-onset 
PJI. One option for acute presentations of PJI is 
irrigation and debridement with implant retention, 
commonly referred to as a DAIR procedure 
(debridement, antibiotics, and implant retention).  

    Principles 

 Successful management of acute PPI using the 
DAIR technique requires planned surgical and 
medical intervention. The multidisciplinary team 
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(MDT) involved in the care of the patient should 
include the orthopaedic surgeon, infectious 
disease physician, nursing and allied staff, and 
the microbiologist. 

 The goals of treatment are to eradicate the 
infection, restore pain-free function of the 
infected joint, and minimize morbidity and 
mortality for the patient. In order to achieve this, 
the burden of biofi lm has to be decreased such 
that perioperative antimicrobial therapy can 
eradicate any remaining infection. It is crucial to 
identify the responsible microbiological agent, 
and antibiotics should be withheld until 
representative samples have been obtained. 

 The basic surgical principles are to perform 
an open arthrotomy, explant all exchangeable 
components while leaving the fi xed components 
in situ, obtain multiple fl uid and tissue samples 
for microbiology, remove any hematoma, 
debride all necrotic or infected soft tissue, irri-
gate the joint with large volumes of fl uid, and 
fi nally replace exchanged modular components. 
The exchanged components are typically poly-
ethylene liner for knee replacement and the 
femoral head and acetabular liner for hip 
replacements. Following irrigation, the joint is 
closed, typically over a drain [ 1 ,  2 ]. Arthroscopic 
DAIR procedures may not achieve adequate 
debridement and does not allow exchange of 
modular components. Outcomes of DAIR pro-
cedure using arthroscopic techniques may be 
suboptimal [ 2 ]. 

 Following debridement, antimicrobial 
treatment is commenced. Typically, antimicro-
bials are held prior to surgery to obtain suffi-
cient representative samples for microbiology 
followed by broad-spectrum antibiotic therapy 
in the immediate postoperative period. 
Subsequently, sensitivity testing guides the 
antibiotic regime. The typical duration of anti-
biotic regime is 6 weeks or more [ 1 – 6 ]. An 
exception to this principle would be the patient 
presenting with systemic sepsis where broad- 
spectrum antibiotics may have to be com-
menced before DAIR. Even in this situation, 
early samples are obtained by means of aspira-
tion when possible before commencing broad 
spectrum antibiotics.  

    Indications for DAIR 

 DAIR reduces the morbidity of extensive surgery 
required for implant surgery. The overall goal of 
attempting DAIR should be to select the cohort of 
patients in whom successful treatment of 
infection is highly likely. Patients presenting with 
short duration of symptoms, with a stable implant 
are ideal candidates for DAIR [ 7 – 9 ]. 

 Early postoperative infections (occurring 
within the fi rst month) or late acute hematogenous 
infections (with symptoms for 3 weeks) are most 
appropriate for this strategy. The presence of 
radiolucency surrounding the implant does not 
imply treatment failure, provided the implants 
are not mechanically loose [ 3 ,  10 ]. 

 With regards to the pathogen, infection with 
 Staphylococcus  species is associated with a high 
risk of treatment failure [ 1 – 3 ,  6 ,  11 ], likely 
driven by  S. aureus  [ 1 ,  3 ]. Antimicrobial sus-
ceptibility is important, with higher rates of 
 failure for infection with methicillin-resistant 
 S. aureus  (MRSA) [ 12 ], vancomycin-resistant 
enterococci [ 12 ], and fl uoroquinolone-resistant 
gram- negative bacilli. 

 Host factors such as a high ASA (indicating 
comorbidity) score [ 6 ] or a compromised immune 
system [ 9 ,  13 ], may also increase the risk of 
treatment failure. 

 The presence of an open wound or a sinus, 
extensive soft tissue compromise and inability to 
close the wound directly will most likely result in 
chronic infections, and a staged-exchange may 
be more appropriate [ 14 ]. However, the protocol 
adopted by the Bone Infection Unit, Nuffi eld 
Orthopaedic Centre, Oxford, UK, for candidates 
for DAIR, includes patients with persistent 
wound infl ammation and sinus discharge. They 
have demonstrated successful salvage of the 
prosthesis of 89 % at 1 year, 89 % at 2 years, and 
78 % at 3 years [ 1 ]. 

 Several studies have reported treatment obser-
vations with DAIR procedure. Byren et al. [ 1 ] 
further analyzed this protocol. The treatment fail-
ures observed had a mean follow-up of 2.3 years, 
with more than half the patients had at least one 
co-morbidity, and 69 % had their primary arthro-
plasty within 90 days of surgery. Independent 
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risk factors for failure of DAIR (based on multi-
variate analysis) included infection due to  S. 
aureus , methicillin-resistant and methicillin-sus-
ceptible strains ( p  = 0.05), a previously revised 
joint ( p  = 0.008), and arthroscopic washouts 
( p  = 0.008). Arthroscopy is more likely to result 
in poor debridement techniques due to the lim-
ited accessibility and views, compared to an open 
procedure, and limits an exchange of modular 
components. 

 A multicenter, observational study undertaken 
by Lora-Tamayo et al. [ 13 ] included cases of PJI 
over a 7-year period. Following DAIR, the 
likelihood of failure was increased in patients 
with immunosuppression ( p  = 0.013), complex 
infections with polymicrobial involvement 
( p  = 0.007), presence of bacteremia ( p  = 0.015), 
and with a C-reactive protein (CRP) of greater 
than 100 mg/L at diagnosis ( p  = 0.021). 
Furthermore, patients undergoing two or more 
debridements were at an increased rate of failure 
( p  = 0.008). Elsewhere a CRP greater than 
220 mg/L ( p  = 0.01) has been associated with 
higher failure rates [ 15 ]. 

 According to Lora-Tamayo et al. [ 13 ] a non- 
immunosuppressed patient with a monomicrobial 
infection and no bacteremia, a CRP of less than 
100 mg/L, having undergone only one 
debridement will have a 77 % chance of a 
successful outcome at 6 months. A patient with 
the opposite scenario will have less than 1 % 
chance of success. 

 Several other studies have found a strong 
association between failure and the presence of  S. 
aureus  [ 16 ,  17 ], and need for a second 
debridement [ 15 ]. Others have not seen this 
association with the pathogen [ 18 ], and Mont 
et al. concluded a second debridement was 
protective [ 19 ]. 

 Additional factors associated with failure of 
DAIR have been identifi ed in smaller cohort 
studies, as well as those confi rming the fi ndings 
of the larger studies. This includes the presence 
of a sinus tract ( p  = 0.002) [ 3 ], presence of 
rheumatoid arthritis ( p  = 0.03) [ 20 ], 
immunocompromised [ 21 ], erythrocyte 
sedimentation rate (ESR) at presentation above 
60 mm/h ( p  = 0.005) [ 20 ], coagulase-negative 

 Staphylococcus  infection ( p  = 0.002) [ 20 ], in 
particular highly virulent organisms such as 
MRSA [ 17 ] or polymicrobial infections [ 22 ]. 

 Delays to debridement must be avoided [ 4 ], 
with higher failure rates seen when symptoms 
have been present for more than 7 or 8 days 
( p  = 0.05, and  p  = 0.04 respectively) [ 3 ,  20 ]. Fifty 
percent failure can be expected if started after 
8 weeks of symptoms. 

 The main diffi culty in interpreting the 
literature and determining the absolute and 
relative contraindications for undertaking a DAIR 
is the variability of the medical management and 
surgical techniques adopted between the 
Institutes, as well as the criteria used to categorize 
a PJI [ 18 ]. We believe that the decision to attempt 
a DAIR must be assessed on an individual basis, 
and the information presented here must be 
weighed up against previous microbiological and 
histological fi ndings, as well as the patient’s 
medical status and their choices. A summary of 
these fi ndings can be found in Table  11.1 .

       Preoperative Workup 

 The diagnosis of an infected prosthetic joint is 
made on clinical grounds supported by pathology 
results. The preoperative workup for patients 
with PJI includes haematological and radiological 
investigations, as outlined in previous chapters. 

   Table 11.1    Absolute and relative contraindications for 
undertaking a DAIR in patients presenting with a PJI   

 Absolute 
contraindications  Relative contraindications 

 Loose prosthesis  Sinus tract 

 Poor soft tissue 
coverage 

  Staphylococcus aureus  
(MRSA and MSSA) 

 Bone cement mantle 
compromise 

 Previously revised joint 

 Immunosuppression 
 Rheumatoid arthritis 

 Polymicrobial involvement 

 Presence of bacteremia 

 CRP > 100 mg/L 

 ESR > 60 mm/h 

 Two or more previous 
debridements 

 >3 weeks of symptoms 
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 Imaging investigations like plain radiographs, 
Magnetic resonance imaging (MRI) and com-
puted tomography (CT) have an indirect role in 
the workup for PJI for DAIR [ 23 ]. Signs of 
implant loosening, periosteal reaction and bone 
resorption may indicate compromised prosthetic 
stability. Radiographic changes, however, lag 
behind the clinical onset of disease by 1–2 weeks.  

    Operative Steps 

 The surgical steps for undertaking a debridement 
of the infected joint will vary according to the 
surgeon’s preference, and the local Institute’s 
policies. Irrespective of this, it is highly recom-
mended that antibiotics are not commenced 
before the surgery, or if they have been, they are 
omitted for a minimum of 48 h beforehand, or 
longer if possible and clinically safe to do so [ 1 ]. 
This is to increase the chance of identifying a 
causative pathogen during microbiological 
sampling of the operative fi eld. 

 As with all revision surgeries, we advocate the 
use of the previous skin incision if possible. This 
avoids multiple unnecessary scars, which may be 
unappealing to the patient, as well as the 
heightened risk of necrosis to the skin if the 
incisions are too close and compromise the 
vascular supply. Depending upon the original 
incision, we opt for a midline skin incision and 
medial parapatella approach to the knee, and a 
posterior approach to access the hip. 

 The approach to the joint must adhere to the 
same principles of the primary procedure, taking 
care of vital structures and avoiding dissection of 
neurovascular bundles even in the presence of 
signifi cant adjacent infection. 

 During dissection, the presence of infection 
may be found superfi cially as soon as the skin is 
incised, remain deep in the joint, or communicate 
between the two. If a sinus is present, and a DAIR 
is still indicated, the tract should be fully excised 
to a healthy soft tissue envelope. The whole sinus 
should be sent for microbiological and 
histological assessment. 

 Further samples should be sent from all quad-
rants of the joint, and be correctly labeled during 

collection, stating whether obtained from a 
superfi cial or deep location, medial or lateral 
compartment of the joint, and whether it involves 
synovium, soft tissue, or biofi lm. If possible, an 
aspirate of the pus or infected haematoma should 
be obtained. It is advisable to use separate 
instruments (forceps, knife, and universal 
containers) for collecting each sample and placed 
directly into separate containers for analysis [ 1 ]. 

 Once the surgeon is satisfi ed that a suffi cient 
number of samples have been obtained (we 
recommend a minimum of fi ve) [ 24 ,  25 ], systemic 
antibiotics can be administered based upon 
previous sensitivities obtained from joint 
aspirations and other systemic samples. All 
remaining necrotic soft tissue, infected 
haematoma, and debris adjacent to the prosthesis 
should be excised to a healthy bleeding base. 
This is diffi cult if a tourniquet has been applied 
during a knee debridement, but is more obvious 
during a hip debridement. 

 It is then important to remove all modular 
components of the prosthesis if possible: tibial 
insert, acetabular cup insert, and femoral head. 
Removal of these parts will improve the access to 
the joint, especially gaining access to the posterior 
capsule [ 26 ], as well as reduce the bioburden of 
biofi lm that may collect beneath these 
components. 

 It is then imperative to assess the integrity of 
the prosthesis, which can be done by gently 
taping the prosthesis with a universal explant, 
inline with its axis. If it remains fi rmly fi xed 
and mechanically sound the procedure can 
 continue as previously planned, and any mobile 
components should be replaced as appropriate. 
Smooth polished tapered cemented femoral 
stems may be easily exchanged without breaching 
the cement mantle. However, should the implant 
be loose on examination, proceeding with implant 
retention is no longer viable. A staged procedure 
may then be planned, and the instruments and 
implants of this should be on hand if such a pre-
dicament should occur. 

 Prior to closure, it is necessary to undertake a 
thorough irrigation of the wound, with a 
combination of large volumes of warm pulsatile 
lavaged saline (0.9 % sodium chloride), combined 
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with aqueous chlorhexidine or povidine-iodine. 
We close the wound in a similar manner as that of 
a primary procedure, and use a drain that is 
removed after 24–48 h depending upon the 
output. 

 Post-operatively the intraoperative antibiotics 
are continued intravenously until the results of 
the samples taken during the procedure are 
known. If the pathogen has altered, the antibiotics 
must be amended to refl ect this, and continued 
for a variable period. As previously stated, 
arthroscopy has no role in DAIR. It is associated 
with high rates of recurrence [ 1 ] due to poor 
access to the whole infected fi eld, compromising 
the debridement.  

    Postsurgical Management 
and Discussion 

 Routine mobilisation is encouraged after DAIR 
procedure while closely monitoring wound 
healing. Monitoring the trend for serum 
infl ammatory markers ESR and CRP may be 
benefi cial to document. 

 Following DAIR patients are commenced on 
appropriate antibiotic management based on the 
isolated organism and sensitivities. The choice 
and duration of antibiotics is variable, but in 
majority of cases 2–6 weeks of intravenous 
choice is chosen, followed by oral antibiotics for 
3–6 months. 

    Combination Therapy for DAIR 
in Staphylococcal PPI 

 Using rifampicin combination therapy increases 
success rate for DAIR in the presence of 
staphylococcus infection [ 13 ,  19 ,  27 ,  28 ]. 
However, it is important to monitor susceptibility 
to rifampicin and to look for drug interactins with 
other treatment agents [ 29 ]. For both  S. aureus  
and coagulase-negative staphylococci, rifampin 
is typically given with an intravenous agent, most 
commonly a-lactam or glycopeptide, for the 
initial 2–6 weeks. This is followed by continued 
rifampin combined with a fl uoroquinolone to 

complete either a 6-month (knee) or a 3-month 
(hip) total duration of rifampin combination ther-
apy [ 7 ]. 

 Using combination of fl uoroquinolone with 
rifampin even during the initial phase of therapy 
[ 13 ,  14 ,  30 ] is supported by the International 
Consensus Meeting documents [ 7 ,  14 ]. When 
rifampin cannot be administered, the initial 
period of intravenous antimicrobials should be at 
least 4 weeks. Among intravenous agents, 
cefazolin or antistaphylococcal penicillins are 
preferred over vancomycin for treatment of 
infection with methicillin-susceptible  S. aureus  
(MSSA) [ 31 ]. 

 The treatment of PPI due to MRSA is 
challenging. The options for combination therapy 
include fusidic acid [ 15 ,  32 ], trimethoprim- 
sulfamethoxazole and minocycline [ 29 ]. 
Vancomycin remains the preferred intravenous 
antimicrobial for PPI due to MRSA, while 
daptomycin may be an option [ 33 ]. The addition 
of rifampin may be more effective than 
daptomycin monotherapy and may prevent the 
emergence of daptomycin resistance [ 34 – 36 ]. 
Linezolid is a suitable oral alternative. Its 
prolonged use of linezolid is limited by bone 
marrow suppression and close monitoring of 
complete blood counts is recommended [ 37 ,  38 ]. 

 Management after treatment failure. Patients 
who fail a DAIR procedure typically ultimately 
undergo a two-stage arthroplasty exchange [ 6 ]. 
Another option for treatment of ongoing infection 
after a DAIR procedure is repeated debridement 
followed by chronic antimicrobial therapy. 
Unfortunately, the likelihood of success for a 
repeated DAIR procedure after prior failure is 
low.   

    Conclusion 

 Historically, the treatment success rate varies 
depending on DAIR, one stage or two stage 
revision arthroplasty. The reported success rate 
of DAIR varies between 31 and 82 %. These 
results report infections due to a variety of 
microorganisms, host factors and treatment pro-
tocols. Recent studies using a combination ther-
apy of fl uoroquinolone with rifampicin for  S. 
aureus  PJI have reported improved success rate 
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from 62 to 75 %. However, this remains inferior 
to results of 87 % success rate after one-stage 
revision arthroplasty; and 87–100 % success 
rate after two-stage revision arthroplasty.     
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      One-Stage Approach with Cement                     
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    Abstract  

  The one-stage approach including mixed topical antibiotics to cement has 
been established in the ENDO Klinik Hamburg in the early 1970s. Based 
on the obligatory preoperative aspiration and knowledge of the infecting 
bacteria, a individualized antibiotic regime can be tailored to each patient, 
based on topical antibiotics with the cement and systemic application 
postoperatively. Surgically, our approach really needs an aggressive 
debridement of all infected hardware, bone and soft tissues during the 
single stage. In general this procedure offers certain obvious advantages. 
This mainly includes the need for only one operation, shorter hospitaliza-
tion, reduced systemic antibiotic treatment. The key to success is based on 
the well-defi ned and detailed intra-hospital infrastructure and cooperation 
of surgeons and microbiologists.  

  Keywords  

  One-stage   •   Antibiotic-loaded cement   •   Single-stage revision   •   Topical 
antibiotics  

      Introduction 

 Management of periprosthetic joint infections 
(PJI) after hip arthroplasty remains a challenge to 
any arthroplasty surgeon. The therapeutic goal in 
either one- or more stage revisions of PJI is in 
general defi ned by the complete eradication of 
the infection and further maintenance of the joint 
function. 

 While it has been accepted worldwide that the 
treatment of a late chronic infection should be 
obtained by a two- or even more staged revision 
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technique, a distinct single-stage revision 
approach in infected total hip arthroplasty has 
shown comparable results within the last 30 years 
in our own clinical set-up [ 1 – 4 ]. 

 Generally, both revision techniques should be 
available depending on the clinical status of the 
patient, the local set-up and the surgeon’s 
expertise. In the most frequently used clinical 
scenarios, an implant removal is followed by 
6 weeks of systemic antibiotic treatment and 
delayed re-implantation of a new prosthesis, 
cemented or cementless. The introduction of 
antibiotic-impregnated spacers in hip revisions 
seemed to improve the functional outcome of the 
more-staged approach and has gained increasing 
popularity [ 5 ,  6 ]. 

 However, looking carefully at the current 
available literature and guidelines for the 
treatment of infected THA, there is no clear 
evidence that a two- or more stage procedure has 
a clearly higher success rate than a one-stage 
approach. Although postulated in a larger number 
of relevant articles describing the two-stage 
technique as the gold standard in infection 
eradication, most of the herein mentioned 
recommendations, e.g., duration of antibiotic 
treatment, static vs. mobile spacer, interval of 
spacer retention, cemented vs. uncemented 
implant fi xation, are based on level IV to III 
evidence studies or even expert opinions, rather 
than on prospective randomized or comparative 
data. 

 In our opinion, a distinct one-stage exchange 
offers certain advantages with a comparative 
success rate of infection eradication. Obvious 
further advantages are mainly based on need for 
only one operative procedure and short interval 
of intravenous antibiotics, reduced hospitalization 
time and overall costs [ 4 ,  7 ,  8 ]. 

 In order to fulfi ll a one-stage approach with 
the aforementioned potential success rate, there 
are obligatory pre-, peri- and postoperative 
details that need to be meticulously respected. 
The following text describes the experience at the 
authors’ institution and the management 
strategies of our one-stage approach in PJI, with 
a strict cemented pathway. Emphasis is given to 
all detailed requirements that provide the basis 
for a high clinical success rate.  

    Early Infections/Acute PJI 

 We aggressively treat an acute infected THA 
(<3 weeks or less 3 weeks onset of symptoms) 
still with a local irrigation and debridement 
(I&D), soft tissue revision and lavage, and poly-
ethylene liner exchange, including preservation 
of the initially implanted prosthesis. Systemic 
antibiotics in this scenario are adapted to the 
algorithm described by Zimmerli et al. [ 9 ]. Any 
failed I&D will undergo an elective complete 
exchange (usually one stage), and no further 
I&D attempts are carried out. Any defi ned late 
infection (>3 weeks), however, should always 
be treated with a defi nite complete implant 
removal.  

    Diagnosis 

 We refer to Chap.   7     to highlight the importance 
of mandatory preoperative aspiration before 
every planned one-stage septic exchange. 
Currently, the diagnosis of PJI in our clinic is in 
line with the Consensus Meeting from 
Philadelphia 2013 [ 10 ].  

    Joint Aspiration 

 A mandatory and most relevant preoperative 
diagnostic test needed in any case of a planned 
one-stage exchange is based on the joint aspira-
tion with an exact identifi cation of the bacteria! 
The presence of a positive bacterial culture and 
respective antibiogram is essential for the one-
stage procedure. Specifi c antibiotic- loaded 
acrylic cement (ALAC) is based on this diagnos-
tic tool, in order to achieve a high topic antibiotic 
elution directly at the surgical side [ 11 – 14 ]. 

 This absolute strict aspiration-based diagnos-
tic algorithm became standard for every planned 
THA revision in our clinic, including all late or 
early aseptic loosening cases. Furthermore, we 
expanded this regime on all cases of unclear 
pain or malfunction after primary or revision 
THA, based on an own performed aspiration 
study, showing that between 4 and 7 % of all our 
patients initially planned for an aseptic THA 
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revision had evidence of a subtle low-grade 
infection in the past [ 15 ].  

    Indications 

 Very few arguments against a one-stage approach 
exist; consequently, we are able to fulfi ll 85 % of 
all infected THA cases in this technique. The 
absolute mandatory infrastructural requirement 
is based on the clear evidence of the bacteria in 
combination with a distinct patient-specifi c plan 
for the following topical and systemic antibiotic 
treatment.  

    Contraindications 

 We defi ned the following criteria to deviate from 
our one-stage approach to a two-stage procedure:

•    Failure of ≥2 previous one-staged procedures, 
and infection spreading to the nerve-vessel 
bundle  

•   Unclear preoperative bacteria specifi cation  
•   Non-availability of appropriate antibiotics  
•   High antibiotic resistance     

    Preoperative Preparation 
and Planning 

 Again, we would like to highlight the absolute 
mandatory presence of a positive bacterial culture 
and antibiogram for the one-stage procedure. The 
proposed cemented fi xation using ALAC is 
considered to be the treatment of choice in order 
to achieve a high topical therapeutic level of 
antibiotic elution from the cement [ 13 ,  14 ]. 

 Future-oriented approaches might also include 
antibiotic local implant or silver coatings 
alternatives for a one-stage approach as well. In 
addition there have been reports using a non- 
cemented technique, which also will be described 
further in later chapters of this book [ 16 ,  17 ]. 

 The principal success of a one-stage approach 
does not only depend on the removal of all 
hardware material (including cement and 
restrictors) in combination with the ALAC. It 

also includes a very aggressive and complete 
debridement of any infected soft tissues and bone 
material. This includes a full removal of the 
anterior and posterior capsule of the hip joint. 

    Surgical Preparation 

    Implants and Cement 
•     The surgeon should be aware of the implant in 

situ and be familiar with its removal and 
disassembly. Occasionally, the use of implant- 
specifi c instrumentation becomes necessary.  

•   Inadequate bone stock, possible intraoperative 
complications such as acetabular/femoral 
fractures, perforations of the cortex, osseous 
windows and disintegration must be taken into 
consideration when choosing an appropriate 
implant.  

•   Proximal femoral replacements, usually modu-
lar ones, may have to be chosen in patients with 
signifi cant bone defi ciency and persistent 
osteomyelitis of the femur. Bone loss is usually 
signifi cantly more extensive than radiographi-
cally evident. However, the potential need for 
total femoral replacement implants needs to be 
considered relatively rarely.  

•   ALAC with additional antibiotics in powder 
form to be added intraoperatively is necessary in 
our cemented technique. Invariably at least two 
to three mixes of cement (80–120 g) including 
large mixing systems and appropriate cement 
guns are required. In patients with a narrow 
diaphysis, extra-narrow nozzles allow for appro-
priate retrograde cementing technique.  

•   Knowledge about possible type of ALAC used 
at primary implantation, as resistance to the 
previously used AB must be expected.  

•   Often industrially pre-manufactured ALAC 
cement may even be appropriate. Currently, 
companies offer more variability of pre-mixed 
antibiotics to the cement, as e.g.,vancomycin 
or gentamycin. This, however, is also infl u-
enced by country-specifi c regulations (U.S. 
vs. Europe vs. Asia).  

•   As mentioned above, for the success of any 
one-stage cemented procedure, the antibio-
gram for the fi nal topic cement impregnation 
is absolute mandatory.      
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    Operative Technique 

    Skin Incision and Debridement 
•     Old scars in the line of the skin incision should 

be excised. The prior incision from the last 
operative approach should be used.  

•   Fistulae should be integrated into the skin 
incision and radically excised to the joint 
capsule.  

•   All non-bleeding tissues and related bone 
need to be excised radically. In cases with 
severe and long ongoing history of 
osteomyelitis of the proximal bone formation, 
a complete resection of this area is suggested. 
A complete removal of all hardware includes 
the implant itself as well as distinct removal of 
all materials, including cables, wires and 
cement and possible cement stoppers.  

•   Biopsy material, preferably fi ve to six samples, 
should be taken as a routine measure from all 
relevant areas of the operation site for 
combined microbiological/cultures and 
histological evaluation [ 18 ,  19 ]. Only 
afterwards the defi ned antibiotics should be 
administered systemically.     

    Implant Removal and Completion 
of Debridement 
•     Removing cemented implants often might be 

easier to remove and less invasive than 
removing ingrown cementless components 
(Fig.  12.1 ).

•      In cases of well-fi xed uncemented components, 
cortical windows are required to gain access 
to the interface. High-speed burrs and curved 
saw blades can aid the removal.  

•   Narrow straight osteotomes with 
symmetrically coned blades should remove all 
accessible bone cement that can be removed 
without causing further loss of bone stock. 
Removal of cement stoppers can be time- 
consuming; a distinct drilling technique can 
help here (Fig.  12.2 ).

•      A full range of narrow and wide osteotomes of 
various thicknesses should be available  

•   Extraction of the implant necessitates special 
or universal extraction instruments, if avail-
able. Otherwise, general punches are required.  

•   Special curved chisels, long rongeurs, curet-
ting instruments, long drills and cement taps 
are used to remove the cement (Fig.  12.3 ). In 
the hip joint retrograde chisels can be of rele-
vant help in many cases.

•      General debridement of bone and suspicious 
soft tissues must be as radical as possible. It 
must include all areas of osteolysis and non- 
viable bone.  

•   Finalisation of the aggressive debridement 
often exceeds the amount of resected materi-
als in a two-stage approach.  

•   We recommend the general use of pulsatile 
lavage throughout the procedure, however, 
after all implant removal and completed 
debridement; the intramedullary canals are 
packed with polymeric biguanid-hydrochlorid 
(polyhexanid)–soaked swabs.  

•   The complete team now re-scrubs, while new 
instruments are used for re-implantation.  

•   A second dose of antibiotics is given after 
1.5 h of operating time or if blood loss at this 
point exceeds 1 L.     

    Reimplantation 
•     Inadequate bone stock may require the use of 

allografts, although ideally this should be 
avoided. We even prefer to fi ll large defects 
with ALAC, and do not favour the use of 
allograft (Fig.  12.4 ).

•      Alternatively, the use of tantalum-based 
acetabular wedges or jumbo cups have been 

  Fig. 12.1    Ingrown cementless total hip implants with 
secondary subsidence usually need extensive work to 
remove       
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implemented in our regular clinical use for 
some years now [ 20 ]. Variations of depth and 
width of those augments allow for a proper 
reconstruction of the resulting bone loss, 

including an excellent biocompatibility and 
related stiffness and cellular structure. 
Consequently, a combined fi xation of the 
cement with the prosthesis and tantalum 

a

b

e

c d

  Fig. 12.2    ( a ) Drilling 
of a plug. ( b ) Stepwise 
drilling of the cement 
plug. ( c ) Utilizing a 
centralizer. ( d ) Final 
extraction with 
corcscrew driver. 
( e ) The femoral 
antecurvation must be 
respected by drill 
placement and approach 
to prevent “via falsa“ 
attempts       

  Fig. 12.3    Endofemoral removal of cement needs special instruments such as long curved chissels, rongeurs, etc       
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 augment becomes possible. In addition, it has 
been postulated that tantalum should have 
antibacterial potential in total joint replace-
ment; this, however, has not yet been proven 
clinically in larger series [ 21 ]. Furthermore, 
we do include quite often the use of dual-
mobility cups in cases of abductor muscle 
absence or necessary removal of the proximal 
femur (Fig.  12.5a, b ).

•      The antibiotic-loaded cement is prepared in 
the meantime, while it is mandatory to fulfi l 
the following criteria:
 –    Appropriate antibiotic (antibiogram, ade-

quate elusion characteristics)  
 –   Bactericidal (exception clindamycin)  
 –   Powder form (never use liquid antibiotic)  
 –   Maximum addition of 10 % PMMA pow-

der, to ensure biomechanical stability.     
•   Antibiotics (e.g., vancomycin) might change 

the polymerisation behaviour of the cement, 
causing acceleration of cement curing.  

•   Generally, current principles of modern 
cementing techniques should be applied, 
including retrograde fi lling, cement stopper 
and pressurization.       

    Postoperative Antibiotics 

 Associated postoperative systemic antibiotic 
administration is usually followed for 
10–14 days (exception: streptococci). Whereas 
a prolonged administration of intravenous anti-
biotics for 6 weeks is common in the two-stage 
approach, the rational for this prolongation has 
not been 100 % clarifi ed in studies. To the con-
trary, there is evidence about possible relevant 
systemic and organ-specifi c complications 
after any prolonged antibiotic administration 
[ 8 ,  9 ].  

    Postoperative Care and 
Rehabilitation 

 The related hospitalisation time postoperatively 
ranges from 12 to 20 days (mean 14) in our 
set-up. The physiotherapeutic approach in any 
one stage cannot be generalised. Due to the 
variety of soft tissue and bone damage and the 
extent of infection, in most cases an individual 
plan is developed. However, we recommend an 
early and aggressive mobilisation within the fi rst 
days postoperatively. Weight bearing should then 
be adapted to the intraoperative fi ndings and 
substance defects. In quite a larger number of 
patients, the adequate bone stock and relative low 
soft tissue involvement allows an immediate 
mobilisation under full weight bearing, which is 
another advantage of the cemented technique 
(Fig.  12.6a, b ).

       Postoperative Complications 

 Persistence or recurrence of infection remains the 
most relevant complication in the one-stage 
technique. As failures rates with a two-stage 
exchange have been described as between 9 and 
20 % in non-resistant bacteria, our unpublished 
data show comparative results after 8–10 years of 
follow-up, using the one-stage approach 
(unpublished data) [ 22 – 25 ]. Consequently, we 
discuss at the time of patient’s consent a possible 
risk of recurrent or new infection of about 
10–20 %. 

  Fig. 12.4    A larger proximal femur defect after severe 
infection fi lled with cement and additional cement cover-
age of the implant       
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 Although we are unable to present 
general comparative data evaluating the func-
tional outcome between a two- vs. one-stage 
approach, we truly believe that neither any 
articulating spacer nor girdle stone situation of 
the hip joint will result in better functional 
outcome. 

 We consider the risk for direct damage to the 
sciatic nerve and main vessels as relatively low for 
an experienced surgeon, even in such an extended 
aggressive debridement, and relatively compara-
ble to a two-stage exchange. The general risk of 
intra- and postoperative fractures should also be 
comparable to the two- or more stage exchange.  

a b

  Fig. 12.5    ( a ) PJI after long cemented stem revision, 
postoperative distal femur fracture and secondary plate 
osteosynthesis. ( b ) Dual-mobility cup in combination 

with long-stemmed proximal femoral replacement and 
absence of abductor muscles       

a b

  Fig. 12.6    ( a ) Primary infection of right uncemented THA. ( b ) Fully cemented one-stage revision allows for immediate 
postoperative full weight bearing       
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    Outcome 

 The two-stage approach has become the most 
used technique worldwide, with a reported 
re-infection rate of between 9 and 20 % [ 22 – 25 ]. 
Although advocated as the “gold standard,” we 
established and followed the aforementioned 
one-stage approach in our clinic for over 35 years 
in over 8 % of all our infected THA patients. 

 Accordingly, far more studies have been 
published about the two- or more-stage revision 
technique. Very few studies or case series 
evaluating the one-stage exchange are currently 
available [ 1 – 4 ,  8 ,  16 ,  26 ,  27 ]. 

 Although most reports are from or with our 
institution, some international experience exists, 
with comparable high success rates between 90 
and 75 %, in either hip or knee infections [ 8 ,  16 , 
 26 – 29 ]. 

 Besides obvious surgical benefi ts, by 
eliminating a second major operative procedure, 
further major advantage arises from the relevantly 
reduced duration of postoperative systemic 
antibiotics. This rarely lasts for more than 14 days 
in our current set-up.  

    Summary 

 A distinct one-stage infected TJA approach is 
still very rarely used within the orthopaedic 
society. From our perspective, the one-stage 
revision offers certain obvious advantages. 
This mainly includes the need for only one 
operation, shorter hospitalization, reduced sys-
temic antibiotic treatment, lower overall cost 
and relatively high patient satisfaction. The 
key to success is based on the well-defi ned and 
detailed intra-hospital infrastructure, including 
a meticulous preoperative aspiration regime, 
planning, aggressive intraoperative surgical 
approach and postoperative specifi c patient 
care.     

   References 

     1.    Kordelle J, Frommelt L, Kluber D, Seemann 
K. Results of one-stage endoprosthesis revision in 
periprosthetic infection cause by methicillin-resistant 
Staphylococcus aureus. Z Orthop Ihre Grenzgeb. 
2000;138(3):240–4.  

   2.    Siegel A, Frommelt L, Runde W. Therapy of bacterial 
knee joint infection by radical synovectomy and 
implantation of a cemented stabilized knee joint 
endoprosthesis. Chirurg. 2000;71(11):1385–91.  

   3.    Steinbrink K, Frommelt L. Treatment of periprosthetic 
infection of the hip using one-stage exchange surgery. 
Orthopade. 1995;24(4):335–43.  

      4.    Schmitz HC, Schwantes B, Kendoff D. One-stage 
revision of knee endoprosthesis due to periprosthetic 
infection and Klippel-Trenaunay syndrome. 
Orthopade. 2011;40(7):624–6, 628–9.  

    5.    Biring GS, Kostamo T, Garbuz DS, Masri BA, Duncan 
CP. Two-stage revision arthroplasty of the hip for 
infection using an interim articulated prostalac hip 
spacer: a 10- to 15-year follow-up study. J Bone Joint 
Surg Br. 2009;91(11):1431–7.  

    6.    Masri BA, Duncan CP, Beauchamp CP. Long-term 
elution of antibiotics from bone-cement: an in vivo 
study using the prosthesis of antibiotic-loaded acrylic 
cement (PROSTALAC) system. J Arthroplasty. 
1998;13(3):331–8.  

    7.    Buechel FF. The infected total knee arthroplasty: just 
when you thought it was over. J Arthroplasty. 
2004;19(4 Suppl 1):51–5.  

       8.    Buechel FF, Femino FP, D’Alessio J. Primary 
exchange revision arthroplasty for infected total knee 
replacement: a long-term study. Am J Orthop (Belle 
Mead NJ). 2004;33(4):190–8; discussion 198.  

     9.    Zimmerli W, Trampuz A, Ochsner PE. Prosthetic- joint 
infections. N Engl J Med. 2004;351(16):1645–54.  

    10.    Parvizi P, Gehrke T, editors. Proceedings of the interna-
tional consensus meeting on periprosthetic joint infec-
tion. Towson: Data Trace Publishing Company; 2013.  

    11.    Hanssen AD, Spangehl MJ. Practical applications of 
antibiotic-loaded bone cement for treatment of 
infected joint replacements. Clin Orthop Relat Res. 
2004;427:79–85.  

   12.    Trampuz A, Osmon DR, Hanssen AD, Steckelberg 
JM, Patel R. Molecular and antibiofi lm approaches to 
prosthetic joint infection. Clin Orthop Relat Res. 
2003;414:69–88.  

    13.    Wahlig H, Dingeldein E, Buchholz HW, Buchholz M, 
Bachmann F. Pharmacokinetic study of gentamicin- 
loaded cement in total hip replacements. Comparative 
effects of varying dosage. J Bone Joint Surg Br. 
1984;66(2):175–9.  

D. Kendoff et al.



151

     14.    Fink B, Vogt S, Reinsch M, Buchner H. Suffi cient 
release of antibiotic by a spacer 6 weeks after implan-
tation in two-stage revision of infected hip prostheses. 
Clin Orthop Relat Res. 2011;469(11):3141–7.  

    15.    Kordelle J, Klett R, Stahl U, Hossain H, Schleicher I, 
Haas H. Infection diagnosis after knee-TEP- 
implantation. Z Orthop Ihre Grenzgeb. 2004;142(3):
337–43.  

      16.    Winkler H. Rationale for one stage exchange of 
infected hip replacement using uncemented implants 
and antibiotic impregnated bone graft. Int J Med Sci. 
2009;6(5):247–52.  

    17.    Zeller V, Lhotellier L, Marmor S, Leclerc P, Krain A, 
Graff W, et al. One-stage exchange arthroplasty for 
chronic periprosthetic hip infection: results of a large 
prospective cohort study. J Bone Joint Surg Am. 
2014;96(1):e1.  

    18.    Schafer P, Fink B, Sandow D, Margull A, Berger I, 
Frommelt L. Prolonged bacterial culture to identify 
late periprosthetic joint infection: a promising strat-
egy. Clin Infect Dis. 2008;47(11):1403–9.  

    19.    Fink B, Makowiak C, Fuerst M, Berger I, Schafer P, 
Frommelt L. The value of synovial biopsy, joint aspi-
ration and C-reactive protein in the diagnosis of late 
peri-prosthetic infection of total knee replacements. 
J Bone Joint Surg Br. 2008;90(7):874–8.  

    20.    Klatte TO, Kendoff D, Sabihi R, Kamath AF, Rueger 
JM, Gehrke T. Tantalum acetabular augments in one- 
stage exchange of infected total hip arthroplasty: a 
case-control study. J Arthroplasty. 2014;29(7):1443–8.  

    21.    Tokarski AT, Novack TA, Parvizi J. Is tantalum pro-
tective against infection in revision total hip arthro-
plasty? Bone Joint J. 2015;97-B(1):45–9.  

     22.    Azzam K, McHale K, Austin M, Purtill JJ, Parvizi 
J. Outcome of a second two-stage reimplantation for 
periprosthetic knee infection. Clin Orthop Relat Res. 
2009;467(7):1706–14.  

   23.    Goldman RT, Scuderi GR, Insall JN. 2-stage reim-
plantation for infected total knee replacement. Clin 
Orthop Relat Res. 1996;331:118–24.  

   24.    Haleem AA, Berry DJ, Hanssen AD. Mid-term to 
long-term followup of two-stage reimplantation for 
infected total knee arthroplasty. Clin Orthop Relat 
Res. 2004;428:35–9.  

     25.    Kilgus DJ, Howe DJ, Strang A. Results of peripros-
thetic hip and knee infections caused by resistant bac-
teria. Clin Orthop Relat Res. 2002;404:116–24.  

     26.    Parkinson RW, Kay PR, Rawal A. A case for one- 
stage revision in infected total knee arthroplasty? 
Knee. 2011;18(1):1–4.  

    27.    Silva M, Tharani R, Schmalzried TP. Results of direct 
exchange or debridement of the infected total knee 
arthroplasty. Clin Orthop Relat Res. 2002;404:
125–31.  

   28.    Lu H, Kou B, Lin J. One-stage reimplantation for the 
salvage of total knee arthroplasty complicated by infec-
tion. Zhonghua Wai Ke Za Zhi. 1997;35(8):456–8.  

    29.    Selmon GP, Slater RN, Shepperd JA, Wright EP. 
Successful 1-stage exchange total knee arthroplasty for 
fungal infection. J Arthroplasty. 1998;13(1):114–5.      

12 One-Stage Approach with Cement



153© Springer International Publishing Switzerland 2016 
D. Kendoff et al. (eds.), Periprosthetic Joint Infections: Changing Paradigms, 
DOI 10.1007/978-3-319-30091-7_13

      Infections of the Hip Joint: One-
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    Abstract  

  Problems with infection of a total hip replacement (THR) derive from the 
presence of biofi lms with inherent resistance to usual antibiotic treatment 
and bone defects resulting from infection-induced osteolysis. Discussions 
on the choice of treatment mainly focus on the chance of eradicating the 
infection in either one or more stages. The advantages of only one opera-
tion regarding patients’ satisfaction, functional results and economical 
burden are evident. However, the fear of re-infection usually leads sur-
geons to multiple-stage procedures, mostly using antibiotic- loaded spac-
ers in the interval. Antibiotic concentrations eluted from spacers have no 
effect on biofi lms and might be associated with a high rate of complica-
tions like breakage or dislocation. 

 One-stage revisions so far were mostly with cemented prostheses 
admixing antibiotics to the cement. Cemented revisions show several dis-
advantages: the addition of antibiotics to cement reduces its biomechani-
cal properties with inferior long-term results compared to uncemented 
techniques. Effi cient cementing techniques result in tight bonding with the 
underlying bone, making eventual removal time-consuming and possibly 
associated with further damage to the osseous structures. Uncemented 
implants appear more advantageous but are at risk of becoming colonized 
by eventually remaining biofi lm fragments, requiring local application of 
antibiotics. Uncemented prostheses can be removed as easily as spacers in 
case of failure and may be left in place in case of success. 
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 Allograft bone may be impregnated with high loads of antibiotics using 
special impregnation techniques, resulting in an antibiotic bone compound 
(ABC). ABC provides local concentrations exceeding those of cement by 
more than a 100-fold and effi cient release is prolonged for several weeks. 
The same time it is most likely to restore bone stock, which usually is 
compromised after removal of an infected endoprosthesis. Effective local 
antimicrobial concentrations in combination with radical debridement 
may be suitable for eradicating infection with a single operation in the 
majority of cases. 

 Based on these considerations a new protocol for one-stage exchange 
of infected TJR has been established in our institution. Bone defects are 
fi lled with ABC, uncemented implants are fi xed in original healthy bone. 
With ABC, providing a sustained antibiotic release with biofi lm-active 
concentrations, microscopical remnants of biofi lm may be eliminated. 
Results indicate an overall success rate of more than 90 % with one opera-
tion, without any adverse side effects. Incorporation of allografts appears 
as after grafting with unimpregnated bone, in the radiographic follow-up. 
One-stage revision using ABC together with uncemented implants should 
be at least comparably safe as multiple-stage procedures, offering clear 
advantages for the quality of life of patients as well as from economic 
standpoints.  

  Keywords  

  Infection   •   Biofi lm   •   MBEC   •   Revision THR   •   One-stage   •   Two-stage   • 
  Antibiotic   •   Cement   •   Cementless   •   Implant   •   Local antibiotic treatment   • 
  Bone defect   •   Allograft   •   Processing   •   Purifi cation   •   Grafting   •   Quality 
of life  

      The Problem of Periprosthetic Joint 
Infection 

 Prosthetic joint infection (PJI) still is the most 
feared complication in total hip replacement 
(THR). It meanwhile is generally accepted that 
systemic antibiotic therapy may be appropriate 
for suppressing clinical symptoms but is insuf-
fi cient for eradicating infection. At least chronic 
or delayed infections require complete removal 
of the prosthesis and all other materials, such as 
cement and restrictors. Re-implantation may be 
performed in one or more stages, whereas two-
stage revision still is considered the gold stan-
dard. However, there is no evidence-based 
reason for that assumption. The benefi ts of a 
single-stage procedure are obvious, as outlined 
in Chap.   12    , but the fear of re-infection usually 
leads surgeons to multiple-stage procedures, 

mostly using antibiotic-loaded spacers in the 
interval [ 1 – 6 ].  

    The Biofi lm Issue 

 The traditional conceptions of infection deal 
with freely fl oating planktonic bacteria invad-
ing a host organism. It has been more than 
30 years since William Costerton elucidated the 
reasons for resistance against conventional anti-
microbial therapies in device-related infections 
[ 7 ]. Bacteria may change from the familiar 
planktonic forms into phenotypically different 
sessile forms after adhesion to dead surfaces. 
The surfaces of poorly vascularized bone and 
implants act as substratum for attachment of 
pathogens that immediately start producing a 
protecting extracellular matrix, the glycocalix, 
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forming the organized community of a biofi lm 
[ 8 ,  9 ]. It is already well accepted that biofi lm-
embedded bacteria do not show growth in tradi-
tional cultures and require much higher 
concentrations of antibiotics for  elimination 
than their planktonic forms. Meanwhile, several 
reasons for that specifi c behaviour have been 
cleared but did not yet fi nd full awareness in the 
orthopaedic world: Antimicrobial molecules 
must diffuse through the biofi lm matrix in order 
to inactivate the encased cells. The extracellular 
polymeric substances present a diffusion barrier 
for these molecules by infl uencing either the 
rate of transport of the molecule to the biofi lm 
interior or the reaction of the antimicrobial 
material with the matrix material. The delay in 
penetration allows bacteria in deeper layers to 
react to the attack by slowing or even ceasing 
their growth, adopting a dormant state. Biofi lm-
associated cells grow signifi cantly more slowly 
than planktonic cells and, as a result, only 
extremely high concentrations of antimicrobial 
agents may affect them. 

 In late or chronic PJI our most obstinate 
opponents therefore are not the familiar plank-
tonic pathogens but their phenotypically differ-
ent sessile forms and we need to adjust our 
strategies to their typical behaviour. When 
dealing with chronic infections the well- 
established parameter MIC loses its relevance 
since it describes the susceptibility only of 
planktonic pathogens. For the sessile pheno-
types, the Minimum Biofi lm Eradicating 
Concentration (MBEC) should be the basis of 
treatment; however, we still lack detailed infor-
mation on the MBEC of most pathogens. 
Radical debridement still is a prerequisite for 
success; it may remove the predominant 
amount of bacteria, but even after a perfect 
debridement some microscopical colonies 
released from the biofi lm during manipulation 
may remain at site, able to colonize poorly vas-
cularised or dead surfaces. It is already clear 
that antibiotic levels reached by systemic anti-
biosis or local therapy with established carriers 
cannot be effective in eliminating remaining 
biofi lm clusters. Biofi lm-embedded pathogens 
require up to 1000-fold concentrations for 
elimination [ 10 ] and as such usually are inac-

cessible for systemic antibiotic therapy as well 
as for antibiotics released from PMMA [ 11 ].  

    Antibiotic-Loaded Cement 
and Spacers 

 One-stage revisions so far have been associated 
with cemented prostheses admixing antibiotics to 
the cement. Cemented revisions show several dis-
advantages: the addition of antibiotics to cement 
reduces its biomechanical properties; inferior 
long-term results compared to uncemented tech-
niques must be expected [ 12 ]. Effi cient cementing 
techniques will result in tight bonding with the 
underlying bone, making eventual removal time-
consuming and possibly associated with further 
damage to the osseous structures. 

 For improving functional results after implant 
removal, antibiotic loaded spacers have become 
widely used. However, spacers are foreign bodies 
themselves and in addition show a surface ideal 
for biofi lm attachment. In both applications the 
released AB-concentrations may be suffi cient for 
eliminating planktonic bacteria but are far below 
MBEC. Therefore, it is not surprising that spacers 
explanted at the second stage, even when 
antibiotic-loaded, show a high rate of 
contamination: more than one-third [ 13 – 15 ] are 
covered with biofi lms at explantation, and up to 
90 % in experimental settings [ 16 ], showing that 
a spacer cannot be considered an effective tool 
against biofi lms. A spacer by defi nition is 
unstable, not fully loadable and is associated with 
a high rate of complications like breakage or 
dislocation. Spacers are likely to increase defects 
by erosion due to instability (Fig.  13.1 ) and need 
to be removed. The only justifi cation of a spacer 
is that it can be removed more easily than a fully 
cemented prosthesis during the second stage. The 
same advantage is provided by an uncemented 
prosthesis – should it come to a re-infection – 
avoiding the disadvantages of instability and 
fragility and providing a defi nite solution in case 
of successful infection control. In addition all 
disadvantages of cemented revisions may be 
avoided by using an uncemented implant as a 
“potentially permanent spacer”. Still such 
implants are at risk of becoming colonized by 
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eventually remaining biofi lm fragments. To 
overcome that risk adequate concentrations of 
antibiotics should be provided locally. which 
requires new forms of antibiotic carriers.

       Antibiotic Delivery 

 The idea of increasing AB concentrations at the 
infection site by delivering antibiotics by a local 
drug delivery system is not new. Buchholz et al. 
were the fi rst to mix antibiotics and 
polymethylmethacrylate (PMMA) for creating a 
local carrier [ 17 ], introducing one-stage revision 
as a routine protocol in infected THR. His 
successors in the Endo-Klinik have followed the 
one-stage approach for over 30 years and in 85 % 
of infected TJR patients with rates of success 
between 75 and 90 % [ 18 ]. However, most of the 

antibiotic mixed into the cement does not get 
released. In fact, between 90 and 95 % of the 
antibiotic remains trapped in the cement leaving 
antibiotic-loaded cement ineffective as an anti- 
biofi lm tool. 

 For reaching MBEC higher concentrations are 
needed that are only feasible by local application. 
Few antibiotics have been identifi ed to meet 
criteria for local application, whereas 
glycopeptides (vancomycin) and aminoglycosides 
seem to be the most widely evaluated ones. Both 
show an inferior tissue penetration compared 
with other antibiotics, which has been considered 
a disadvantage in systemic administration. In 
local application the disadvantage turns into an 
advantage, since vice versa there is also very 
slow resorption and penetration from the bone 
into the vascular system. Both show the least 
cytotoxic effect of all commonly used antibiotics 
[ 19 ] and are not likely to cause systemic side 
effects after local application [ 20 ]. The carrier 
should provide for high initial levels to penetrate 
remaining biofi lms rapidly and consequently 
keep the concentrations above the critical level 
(which in the case of vancomycin may be 
estimated to be between 200 and 500 mg/l) for a 
minimum of 72 h.  

    The Issue of Bone Defects 

 After removal of an infected prosthesis bone 
defects always are present to some extent. Dead 
space management (DSM) and reconstruction 
may be favourably performed with cancellous 
bone that can become incorporated into the 
original bone structure. Bone taken from the 
patient’s own body has been considered 
preferable; however, the availability of autologous 
bone is limited and harvesting leaves another 
surgical site possibly causing additional 
morbidity. Allogeneic bone (from a different 
human donor) has been used to overcome this 
drawback, leading to comparable results [ 21 ]. 
Grafting defects with allogeneic bone has been 
used with good success, both with impacted 
morselized bone and with structural grafts [ 22 , 
 23 ]. Defects may be repaired in a biological way 

  Fig. 13.1    Spacer after infected THR, second attempt: no 
infl uence on infection with  S. epidermidis  (methicillin- 
resistant) and  Mycoplasma hominis  with ongoing fi stula-
tion. Massive bone defect at the acetabular site due to 
erosion by spacer       
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in order to restore the original bone stock, 
creating more advantageous conditions in case of 
another revision and improving long-term results 
in case of success. However, fresh allograft bone 
is dead material, fi lled with necrotic marrow and 
fat that may elicit antigenic reaction and 
infl ammation, thus being an ideal substrate for 
bacterial colonisation. Its use in infected sites, 
therefore, has been obsolete. Removing fat and 
marrow should lower the risk of infection 
markedly but still leaves dead surfaces likely to 
be a substrate for biofi lm formation. Covering the 
surfaces with adequate antibiotics may create a 
barrier against bacterial contamination that 
performs favourably in the second stage of two- 
stage THR-revisions [ 24 ].  

    Consequences for an Effective 
Therapy 

 In clinical practice of treatment of bone infection 
the only possibility presently available is precise 
surgical debridement in combination with 
provision of suffi ciently high concentrations of 
established antibiotics. In order to eradicate 
microbial pathogens completely basic 
requirements need to be followed which may be 
summarized as the “5d” rule:

    1.    DETECT: Detect habitats of sessile microbes 
as exactly as possible.   

   2.    DIMINISH: Drastically diminish their 
number by removing all identifi ed dead 
material as radically as possible;   

   3.    DISRUPT: Disturb the community live of 
eventual remaining biofi lm colonies by 
mechanically disrupting their established 
structures as thoroughly as possible;   

   4.    DEAD SPACE MANAGEMENT: Avoid re-
establishment of colonisation grounds by fi ll-
ing dead space with inaccessible material as 
completely as possible;   

   5.    DECONTAMINATE: Decontaminate the site 
by eliminating remaining biofi lm fragments 
using antimicrobial substances in local 
concentrations as high and as consistent as 
possible.     

 While items 1–4 have been covered by dili-
gent application of established surgical rules, 
item 5 so far was not attainable, which lead to the 
development of new carrier systems.  

    Antibiotic Bone Compound (ABC) 

 When loading bone grafts with antibiotics, it 
turned out that their storage capability for 
antibiotics exceeds that of PMMA by far. 
Especially when using highly purifi ed cancellous 
bone as a carrier local concentrations of up to 
20,000 mg/l can be released with vancomycin 
and up to 13,000 mg/l with tobramycin [ 25 ]. A 
new technique has been developed to reproducibly 
impregnate bone with antibiotics. Bone of human 
origin, harvested from either living or deceased 
donors according to European Union legislation, 
is highly purifi ed using supercritical carbon 
dioxide (sCO2) [ 26 ]. This kind of treatment 
removes all lipids and possibly antigenic parts of 
the bone, leaving the pure matrix intact. Beside 
that it is a validated method for virus inactivation 
[ 27 ]. The bone is loaded with antibiotics in a 
proprietary technique [ 25 ]. The standardized 
impregnation technique grants uniform antibiotic 
content of either 1 g vancomycin per 10 cc or 
480 mg tobramycin per 10 cc of cancellous bone, 
respectively. Vancomycin covers almost all gram- 
positive germs, tobramycin the majority of the 
gram-negative spectrum. The storage capacities 
and pharmacological kinetics of the resulting 
antibiotic bone compound (ABC, Fig.  13.2 ) are 
more advantageous than the ones of antibiotic- 
loaded cement. Due to the special impregnation 
technique the antibiotics are eluted with sustained 
release. Higher local antibiotic concentration and 
longer-lasting antimicrobial activity are achieved, 
more favourable than with any other available 
carrier (Fig.  13.3 ). Concentrations in the 
immediate surroundings reach levels more than 
1000 times the levels reachable with systemic 
antibiotic therapy. Release of the antibiotic is 
completed after several weeks and therefore is 
not likely to create resistances. With this kind of 
impregnation the whole amount of loaded 
antibiotic is available for antimicrobial activity 
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and the activity remains beyond the MBEC of 
relevant pathogens for weeks. These capacities 
make them attractive as a tool for local therapy 
and allow using uncemented implants 
simultaneously.

       Method 

 Our protocol shows distinct differences from pre-
vious algorithms [ 28 ]; the changes in indications, 
preoperative planning and technical execution 
are mainly resulting from the increasing knowl-
edge on the behaviour of biofi lm-embedded bac-
teria. Biological restoration of bone stock has 
been the second aim of developing a new 
approach. Resistant bacteria like MRSA, drain-

ing sinuses, duration of infection or other fea-
tures indicated in the known protocols have no 
infl uence in the choice of our method. There are 
very few contraindications against a one-stage 
procedure in the described technique: patients in 
bad general condition due to the infection (septi-
caemia) primarily are salvaged by removing the 
implants and radical debridement; re-implanta-
tion is only performed after the patient has recov-
ered suffi ciently (no defi ned time frame). 

    Surgical Technique 
 Diagnosis and evaluation of the given conditions 
follows the recommendations as outlined in 
Chap.   7    . We always use the same access as has 
been used at the foregoing surgery. Fistulas on 
the way are excised and followed down to the 
implant. All infected tissue found during 
preparation is removed immediately. The access 
is enlarged stepwise until a suffi cient exposition 
of the joint is provided. Loose implants are 
removed, and fi rmly attached ones are undermined 
using thin chisels, whereas care is taken to save 
own bone as much as possible. Remaining 
cement, all granulation and infected tissue 
adherent to bone are removed carefully together 
with radical synovectomy. Debridement is 
followed by extensive cleaning using pulsed 
pressurized saline for lavage. 

 As soon as the site is considered to be clean 
the wound is closed provisionally. Instruments 
and drapings are removed, and the team is 

AB loaded bone graft versus
AB loaded cement

AB carrier
(vancomycin)

Purified bone
graft

PMMA 
cement

Storage 
capacity/
10 cc

1 g 0.1g

Availability > 90 % < 10% 

Release 
1 day

10,000–
20,000 mg/

40–
400 mg/l

Release 
6 day

60–130 mg/l subinhibitory
traces

Release 
100 day

0 subinhibitory
traces

O bone

Cement

  Fig. 13.3    Comparison 
between kinetics. Initial 
local concentrations of 
antibiotic-loaded bone 
graft (ABC) exceed the 
ones of antibiotic-
loaded cement by more 
than 1000-fold       

  Fig. 13.2    Antibiotic-impregnated cancellous bone 
allograft (ABC), morsellized, hydrated       
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changing gowns and gloves. After new washing 
and draping the procedure commences with new 
instruments. The extent of bone defi ciencies is 
examined and preparation of the surfaces is per-
formed as in usual revision THR, saving the 
original bone as much as possible. On the ace-
tabular side hemispherical reamers are used for 
creating a suffi cient contact with own bone at 
the rim. Remaining osseous cavities and defi -
ciencies are fi lled with morsellized antibiotic- 
impregnated bone (Fig.  13.4a ) using a modifi ed 
impaction grafting technique [ 29 ]. Final 
smoothing of the surface is performed with 

reverse reaming. In cases with minor osseous 
defects (Paprosky I [ 30 ]) a standard uncemented 
hemispherical cup is implanted, eventually 
additionally stabilized with one or two screws. 
When there are major defects (Paprosky II–III) 
we now use revision cups of modular design 
with fi ns and a caudal hook. The design allows 
reconstruction of both medial (see Fig.  13.4 ) 
and lateral (Fig.  13.5 ) defects and also perform 
favourably in combination with structural 
allografts, should they become necessary 
(Fig.  13.6 ). Care is taken that the implant sur-
face is as rough as possible, providing high 

  Fig. 13.4    ( a ) Female, 64 years old, chronic infection 
with  S. aureus  (MSSA),  S. epidermidis  (MRSE) and 
enterocci. Medial acetabular defect. ( b ) Impaction graft-

ing. ( c ) Intraoperative fl uoroscopy. ( d ) Radiograph post-
operatively. ( e ) Radiograph 2 years postoperatively         

a b

c
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d e

Fig. 13.4 (continued)

 friction with own bone. The correct centre of 
rotation should always be restored. On the fem-
oral side we prefer using stems with rectangular 
diameter as long as the diaphysis is intact 
(Paprosky I–II). The design offers the advantage 
of fi rm anchorage in original bone at the medial 
and lateral side while being covered with antibi-
otic-releasing allograft at the less loaded ante-
rior and posterior sides (see Fig.  13.6 ). In type 
III defects modular stems with longitudinal ribs 
are used for distal fi xation (see Figs.  13.4  and 
 13.5 ). The medullary cavity is prepared with 
rasps of adequate size for good contact with cor-
tical bone. ABC then is inserted stepwise and 
dispersed by re-rasping using the respective 
oscillating rasp or the reamer of last size by 
reverse reaming, respectively (see Fig.  13.4a .). 
After completion of the reconstruction the origi-
nal prosthesis is inserted. The construction 
shows primary stability being predominantly 
anchored in own healthy bone, enabling imme-
diate partial weight bearing. After fi nal rinsing 

the wound is closed and drained as in conven-
tional arthroplasty. The method is easy to per-
form in cases with only cavitary osseous defects, 
in cases with major segmental defects special 
techniques need to be applied, occasionally 
requiring structural allografts (see Fig.  13.6 ).

         Postoperative Care 
 Systemic antibiotic therapy follows the results 
of preoperative cultures; if no pathogen could be 
identifi ed, a second-generation cephalosporine 
is administered as a routine. The choice of anti-
biotics is adjusted to the result of intraoperative 
cultures as soon as they are available. 
Intravenous antibiotics are discontinued after 
complete wound healing and normalization of 
CRP, which usually is the case after 12 days. 
Drains are left in place usually for 3 days. All 
patients are mobilized from the fi rst postopera-
tive day with partial weight bearing using two 
crutches. Intensive physiotherapy is performed 
consequently. On the twelfth postoperative day 
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stitches are removed and the patient is dismissed 
to home care, continuing with active exercises 
and appropriate oral antibiotic medication. Six 
weeks after surgery the patient is followed 
 clinically and radiologically; when there are no 

conspicuous features and no changes of implant 
position, full weight bearing is encouraged and 
antibiotics are discontinued. Further follow-ups 
are scheduled 3 months, 6 months and 12 months 
postoperatively.  

a b

c

  Fig. 13.5    ( a ) Male, 43 years old, polytrauma, infection, 
fi ve revisions, MSSE + MRSE, supero-lateral defect, 
pseudarthrosis femur. ( b ) Radiograph postoperatively. 

Restoration of center of rotation. Modular stem passing 
fracture site. ( c ) Two years postoperatively       
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    Complications and Outcome 
 The results of our fi rst series were published in 
2008 [ 31 ]. In brief there were 37 one-stage 
revisions, of which three required further revision 
because of recurrent infection. Two of the 
recurrences could be revised successfully using 
the same technique again, and one was converted 
to a resection arthroplasty. No more infections or 
loosenings have been observed since then. 
Meanwhile 54 hips additionally were followed 
for a minimum of 2 years. Three of these patients 
have died of causes not related to infection. In 
those there were six recurrences of infection, two 
of them associated with loosening of the cup and 
one with loosening of the stem. In two otherwise 

bland hips loosening of the cup was found, one 
hip showed recurrent dislocation and one patient 
suffered a periprosthetic fracture. All of them 
were revised successfully with no sign of infec-
tion being present at the time of re-revision. 
There has been no case of loosening of the femo-
ral component so far. 

 It is remarkable that in our series we found only 
one case of recurrence with gram-positives, which 
are the most prevalent pathogens in orthopaedic 
surgery. There was one persisting infection with 
MRSE and no case of recurrence with MRSA. Four 
out of six recurrences were caused by gram-nega-
tives (2× Pseudomonas, Klebsiella, Enterobacter) 
and one by Mycoplasma (see Fig.  13.6 ).    

  Fig. 13.6    ( a ) Same patient as Fig.  13.1 . Acetabular 
defect involved complete anterior column and medial 
fl oor. Impaction not feasible. Good femoral bone stock. 
( b ) Structural allograft, thoroughly purifi ed by supercrit 
CO2, impregnated with 6 g vancomycin (“home made”). 
( c ) Radiograph postoperatively. Acetabular reconstruction 
with shaped structural allograft + morsellised chips + mod-

ular cup. Femoral side supplied with standard stem, fi xed 
in original bone medially and laterally. ( d ) Radiograph 
1 year postoperatively. Moderate condensation of acetab-
ular reconstruction with cranial migration but stable fi xa-
tion of cup and stem. No growth of bacteria but persistent 
infection with  Mycoplasma hominis . Draining sinus. 
Re-revision pending         

a b
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    Developments and Future Aspects 

 Cleaning and impregnation of the allograft bone 
in the beginning has been performed inside the 
hospital, using established techniques of bone 
banking like defatting with ether and alcohol. 
Since 2008 the bone has been cleaned with sCO2, 
granting improved purifi cation of the matrix. 
Impregnation with vancomycin or tobramycin, 
respectively, since 2010 is performed according 
to standardized pharmaceutical-like procedures 
(GMP). Errors and variability in purity or 
antibiotic content therefore can be excluded. 

 We always try to get cultures from aspirated 
fl uid or tissue from the depth of a draining sinus 
before revision. In the beginnings of our technique 

we chose the locally applied antibiotics according 
to the results of the preoperative cultures. Today 
preoperative cultures only direct the choice of 
concomitant systemic antibiotic therapy. 
Especially in cases with previous infect related 
surgery we now consider infections as being 
multimicrobial, irrespective of culture results, 
and routinely use a combination of vancomycin 
and tobramycin locally. Sonication of explanted 
endoprostheses [ 32 ] mostly confi rms our 
assumption. We take care of using 90 cc of ABC 
as a minimum in every septic revision. There are 
still not enough cases to draw a fi nal conclusion 
but in our protocol there seems to be another 
change of paradigm regarding “diffi cult to 
treat pathogens”: biofi lms of gram-negatives, 

c d

Fig. 13.6 (continued)
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mycoplasma and fungi (in knees and infected 
osteosynthesis) seem to be more persistent than 
biofi lms of the feared multiply-resistant staphy-
lococci and deserve further attention.  

    Summary 

 Antibiotic-loaded bone graft seems to provide 
suffi cient local antibiosis for protection against 
colonisation of uncemented implants, the eluted 

amounts of antibiotics are likely to eliminate 
even biofi lm remnants. Dead space management 
is more complete and defects may be recon-
structed effi ciently. Incorporation of allograft 
appears as after grafting with unimpregnated 
bone grafts. Uncemented implants may be con-
sidered as a “potentially permanent spacer” that 
may be removed easily in case of failure and 
kept in place in case of success (Fig.  13.7 ). One-
stage revision THR using ABC together with 
uncemented implants should be at least as 

a b

  Fig. 13.7    ( a ) Male, 53 years: 1991 pelvic fracture, osteo-
synthesis, infection, two revisions, implant removal, 
 suction-irrigation-drainage, necrosis femoral head. 1993 
THR, 1994 draining sinus,  MRSA . 1994–2013 13 revi-
sions (2× two-stage exchange). 2013 massive acetabular 
defect, draining sinus, MRSA. ( b ) 2013: complete 
removal of implants, radical debridement. Reconstruction 
of acetabular defects + restoration of centre of rotation 
with 110 cc ABC (=11 g vancomycin locally) + impaction
 + modular cup. Intraoperative femoral fracture during 
removal of well fi xed stem, exchange to modular 
stem. Two weeks teicoplanin + 4 weeks fucidic acid. 

Preoperatively the patient was informed that surgery is 
aiming at elimination of infection with implants to be con-
sidered as “potentielly permanent spacer”. Hospital stay 
2 weeks, full weight bearing after 6 weeks. ( c ) Three 
months postoperatively: Breakage of the caudal hook with 
partial resorption of the graft and dislocation of the cup. 
No sign of infection. ( d ) Re-revision 6 months postopera-
tively: remaining graft completely incorporated. Exchange 
of cup, minor grafting, well incorporated stem left in 
place. Cultures + sonication no bacterial growth. No sign 
of infection. Hospital stay 7 days, full weight bearing after 
6 weeks         
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 comparably safe as multiple-stage procedures, 
avoiding second- stage- revisions in the majority 
of cases and taking advantage of the obvious 
benefi ts for patients and economy. Although the 
results of the new protocol seem very promising 
we never can have certainty of having cured 
infection. Assuming that recurrence may occur 
within an unknown period of time it should be 
the responsibility of the surgeon to provide for a 
treatment reducing the burden for the patient to 
an absolute minimum. In this sense it should be 
agreed that treatments should be kept as short 
and as pain-free as possible. Long hospital stays 
should be avoided the same as treatments asso-
ciated with prolonged periods of pain and/or 
reduced mobility. The described protocol seems 
to be in conformance with these principles. Our 
series indicates an overall rate of infection con-
trol of more than 90 % with one operation [ 31 , 
 33 ], without any adverse side effects. These 

numbers are comparable with published data, 
both regarding traditional one stage and multi-
ple stage procedures, but avoiding the indicated 
disadvantages of established approaches. The 
method is refi ned continuously and hope of fur-
ther improving the results seems to be justifi ed.
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      Late Infections: Two-Stage 
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    Abstract  

  Two-stage revision surgery for infection reliably produces good results 
and is the only safe method for treating chronic infection where the infect-
ing organism or it’s sensitivities are not fully known. The areas of contro-
versy in two stage surgery include the duration between stages, whether to 
use a spacer or cement beads and the use of systemic antibiotics. This 
chapter presents our approach to two stage revision surgery which focuses 
on radical surgical debridement and the delivery of high concentrations of 
local antibiotics.  
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      Introduction 

 The incidence of periprosthetic joint infection 
(PJI) varies from hospital to hospital but is typi-
cally reported as 1–2 % following primary arthro-
plasty and signifi cantly higher following revision 
surgery [ 1 – 3 ,  8 ,  13 ]. It is a devastating complica-
tion for both patient and surgeon in terms of 

 associated morbidity, effect on quality of life and 
cost to both the patient and institution [ 4 – 6 ]. 
Decisions on management must take into account 
the individual patient, duration of infection, the 
infecting organism and the surgeons’ experience. 
Although strategies such as debridement and 
implant retention, single-stage revision and long-
term antibiotic suppression can be utilised in spe-
cifi c circumstances, only two-stage revision 
surgery can reliably produce good results in the 
majority of cases. Despite this, the success of a 
two-stage approach still requires expertise in 
diagnosis, surgical planning, microbiological 
input and surgical technique. We believe the key 
to successful eradication of infection is radical 
debridement of all infected tissue and foreign 
material along with the local delivery of high 
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dose targeted  antibiotics [ 7 ]. In this chapter we 
will focus on our experience and strategy in the 
two stage management of prosthetic joint 
infection.  

    Indications 

 Although a two-stage solution can be utilised in 
the majority of situations, we will consider 
debridement and implant retention for acute 
infections (less than 2–4 weeks) and single-stage 
revisions in patients where the infecting organ-
ism and its sensitivities are known. For all other 
cases, if the patient is deemed safe from an anaes-
thetic perspective and willing to undergo surgery, 
a two-stage solution is indicated.  

    Patient Assessment 

 PJI is often under-diagnosed and therefore one 
should have a high index of suspicion in all cases 
of unexplained pain or early implant failure fol-
lowing hip arthroplasty surgery as the majority of 
patients do well [ 8 ]. The assessment of a patient 
with a suspected PJI starts with a thorough his-
tory of all their previous surgery including their 
recovery and any complications in the postopera-
tive period, irrespective of how minor they may 
seem. Where possible it is ideal to have access to 
the previous clinic and operation notes. 
Examination should focus on the site and health 
of previous scars, sinuses and surrounding soft 
tissues (Fig.  14.1 ).

   It is important at this stage, to gauge the 
patients understanding and expectations of what 
the diagnosis and subsequent management of PJI 
entails. Beyond the eradication of infection, the 
successful treatment of a patient with PJI requires 
the patient to be well informed with regards to the 
surgery, timing, length of treatment and the likely 
outcome including the implications of failure to 
eradicate the infection. 

 In addition to plain radiological imaging (and 
comparison with previous fi lms) and blood mark-
ers (CRP, ESR and FBC), patients should undergo 
aseptic aspiration of the joint either in the operat-

ing theatre or by designated musculoskeletal 
radiologists according to an agreed protocol in 
the radiology department [ 9 ]. We have previously 
shown that the results for diagnosing infection by 
aspiration are no different if the investigation is 
performed in the operating theatre or in the radi-
ology department [ 10 ]. In our institution a mus-
culoskeletal radiologist, under image guidance, 
aspirates the majority of patients; a stab incision 
and small retractor are used to ensure that the 
needle does not pass through the skin, risking 
potential contamination. Samples are incubated 
in broth for 14 days and reviewed by a microbi-
ologist with a specialist interest in PJI.  

    Planning 

 Infected revision cases often end up being more 
complex than initially expected, so thorough 
planning is essential to avoid unnecessary com-
plications and ensure success. 

 All patients require an anaesthetic assess-
ment and should have blood cross-matched, as 

  Fig. 14.1    Sinuses and scars with underlying infected 
implants       
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the use of cell salvage is contraindicated in 
infected cases. Ideally, they should be booked 
onto an elective list with a plan to spend the fi rst 
postoperative night in the critical care depart-
ment. A signifi cant proportion will require ino-
tropic support in the immediate postoperative 
period (partly due to the septic load from 
debrided infected tissue), and all need close 
monitoring of their fl uid balance to ensure hae-
modynamic stability. 

 Imaging should consist of a minimum of an 
AP pelvis along with an AP and lateral of the 
affected hip to include the tip of the stem and 
cement if present. Judet views and CT scans can 
be used to gauge bone stock and pelvic continu-
ity, but this tends to be more accurately assessed 
‘real time’ intraoperatively during the fi rst-stage 
debridement. This often allows for a much more 
accurate planning in readiness for the second- 
stage reconstruction. 

 Knowledge of the specifi c implants currently 
in situ is essential to ensure that all the neces-
sary kit is available in order to make extraction 
as easy as possible during the fi rst stage. It is 
important to try and avoid iatrogenic bone dam-
age and loss. 

 All cases should ideally be discussed preop-
eratively at a multi-disciplinary meeting that 
includes surgical colleagues, microbiologists and 
senior theatre staff. This provides a forum to dis-
cuss and evaluate the surgical plan, ensure the 
necessary equipment will be available on the day 
and review the joint aspirate microbiology. The 
microbiologist should be able to advise on the 
appropriate use, dose and duration of antibiotics 
and or antifungals for prophylaxis, local and or 
systemic therapeutic therapy. We believe high- 
dose local antibiotic therapy is much more bene-
fi cial than systemic therapy in the two-stage 
regime [ 7 ,  15 ,  28 ]. The use of additional antibiot-
ics that may be added to the bone cement need to 
be discussed at this stage, as dosage is of para-
mount importance. In our experience, the require-
ment for plastic surgical input has been rare but 
in some cases, especially those who have under-
gone multiple previous operations and have 
numerous scars or tethered skin, it maybe 
required.  

    First-Stage Procedure 

 The fi rst-stage procedure is the key to successful 
eradication of infection in a two-stage strategy. 
The aim is to radically debride all the infected or 
nonviable tissue, thereby removing all macro-
scopic infection, then ensure high-level local 
delivery of antibiotic via a depot, whether that be 
cement beads or a cement spacer to eradicate any 
residual bacteria. 

 Ideally, the case should be undertaken on a 
planned, elective list, with the expectation that 
the patient will go to the critical care department 
for close monitoring post operatively. 
Occasionally, when a patient is critically ill with 
sepsis, a fi rst-stage procedure has to be performed 
as a life-saving procedure as a matter of urgency. 

 Systemic antibiotics should be withheld until 
deep tissue samples have been taken, even if a 
previous aspirate has had a positive growth. 

 When the scar of a previous incision is used, 
we prefer to excise the scar as well as any sinus 
tracts (Fig.  14.2 ). We also extend the incision, 
usually distally, to formally identify normal anat-
omy and tissue planes, as we fi nd this helps the 
dissection through the scarred and infected 
region. It also helps with subsequent closure of 
the wound. Upon entering the joint, a minimum 
of fi ve deep tissue specimens should be taken, all 
with clean instruments for microbiological 
assessment. The samples should be taken before 
there is any disturbance of cement in case any 
elution of antibiotic from the cement affects bac-
terial viability [ 11 ]. After this, systemic prophy-
lactic antibiotics can be given (in our practice this 
is currently fl ucloxacillin and gentamicin unless 
advised differently by the microbiologist).

   There are many different surgical techniques 
available for removing the existing prostheses. It 
is essential to remove all foreign material, be that 
a broken screw, cement restrictor, wire and 
cement if present. If it is possible to remove the 
femoral cement from the ‘top’ using osteotomes, 
drills and taps, thereby leaving an intact femur, 
this is desirable but should not be done at the 
expense of an incomplete debridement of the 
cement. We do not use ultrasonic cement removal 
tools to aid removal of well-fi xed cement as we 
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have concerns that some residual cement is often 
missed, especially distally, and this is only fully 
appreciated on the postoperative fi lm. We have a 
low threshold for the use of an extended trochan-
teric osteotomy to access the canal and ensure 
complete removal of all the cement. If there is 
signifi cant involvement of the proximal femur by 
infection and the bone appears dead and avascu-
lar, then this should also be resected. No compro-
mise should be made if the tissues do not appear 
healthy. In this situation a trochanteric slide can 
be performed, prior to resection to maintain 
the integrity of the abductor/vastus lateralis 
complex. 

 On the acetabular side preservation of healthy 
bone is important for later reconstruction; we use 
an explant device for uncemented cups and for 
well-fi xed cemented components we ream out 
the polyethylene cup and use cement chisels to 
remove the underlying cement. 

 Once the implants have been removed and 
dead bone resected or reamed to expose healthy 
bleeding bone, attention is again turned to the 
soft tissues. All nonviable or infected tissue 
should be removed exposing healthy, bleeding 
compliant tissue (Fig.  14.3 ).

   Throughout the procedure and especially after 
debridement, all tissues are continually irrigated 
with aqueous chlorhexidine 0.05 % both to 
remove debris and for its antiseptic properties. 

 Once debridement is complete, a fi nal assess-
ment of available bone stock and soft tissue 
integrity should be made to help plan the subse-
quent second stage reconstruction. 

 Various options are available for the delivery 
of antibiotic from cement including beads, static 
spacers and articulating spacers. Antibiotic- 
loaded methylmethacrylate has been shown to 
give higher concentrations of antibiotics locally 
than that what can be achieved by intravenous 

a b

c

  Fig. 14.2    The progress of the patient’s skin and scar from ( a ) pre-fi rst stage, ( b ) pre-second stage to ( c ) post-second 
stage       
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administration [ 12 ,  13 ]. Elution from cement 
beads has been shown to achieve local concentra-
tions of antibiotics up to 17 times higher than that 
found after intravenous administration without 
the toxic side effects of the commonly used intra-
venous antibiotics [ 14 ]. Articulating spacers have 
potential advantages in terms of mobilisation for 
the patient by maintaining joint mobility and pre-
venting stiffness (though this is less of a problem 
in the hip than in the knee and most of the pub-
lished literature refers to articulating spacers in 
the knee) [ 16 – 18 ]. On the other hand, the use of 
beads and static spacers may offer an advantage 
by not promoting movement such that the soft 
tissues are allowed to rest as well as delivering 
the higher doses of antibiotic [ 19 ]. Articulating 
spacers require adequate host bone in order to 
hold the spacer in place. Many of the patients we 
see have compromised bone stock (often both 
femoral and acetabular) and often have required 
an ETO to remove all the existing femoral 
cement/implant. In these situations the use of an 
articulating cement spacer becomes less practical 
and often impossible. 

 The addition of high doses of antibiotic to the 
cement can weaken its structural properties, a 
potential problem with articulating spacers as 
they can fracture but not a problem with beads 
[ 20 ,  21 ]. Beads also have a much higher surface 
area than articulating spacers and hence release a 
greater amount of antibiotic [ 19 ]. A potential 
additional advantage of using beads, especially in 
the femoral canal, is that in our experience they 
appear to facilitate the formation of a new 

endosteal- like surface, unlike solid spacers, 
which in our hands tend to leave a rather sclerotic 
canal. 

 The exact antibiotic cocktail to add to the 
cement will depend on the culture and antibi-
otic sensitivity pattern from the aspirate, but in 
the absence of a known pathogen we routinely 
add vancomycin to bone cement containing 
gentamicin since this covers the majority of 
common pathogens. Up to 8 g of dry antibiotic 
powder can be added to a 40-g mix of cement 
powder before it signifi cantly affects the abil-
ity of the cement to ‘cure,’ but the structural 
properties are signifi cantly altered after addi-
tion of 4.5 g [ 13 ]. In our practice, we usually 
add 2 g of vancomycin to a 40-g mix of cement 
already containing 1 g of gentamicin [ 7 ]. 
Cement is hand-mixed, without a vacuum, with 
a spatula in a bowl, as the aim is to produce an 
optimal antibiotic delivery system and not a 
cement of structural integrity with low porosity 
[ 22 ]. The cement is then used to form small 
(<1 cm) biconcave discs and held on an 
18-gauge braided wire for form chains 
(Fig.  14.4 ). The biconcave discs have the opti-
mal shape in terms of ratio of volume to sur-
face area for the elution of antibiotic [ 23 ,  24 ]. 
The bead chains from a single 40-g mix are 
usually suffi cient in volume to pack the joint 
space, acetabulum and femoral canal.

   The wound should be carefully closed in lay-
ers and any dead space eliminated. Drains are not 
recommended as they simply remove the eluted 
antibiotic.  

a b

  Fig. 14.3    ( a ) Removal of all infected bone and implant material including the scar and sinus. ( b ) Healthy bleeding 
compliant tissue after radical debridement       
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    Postoperative Phase 

 The patient should ideally spend the fi rst 24 h in 
a critical care unit and only be discharged to the 
general ward once physiologically stable. We 
recommend a minimum of 2–3 days of bed rest to 
allow the soft tissues to settle and help the wound 
heal by primary intention. These patients have 
had a massive soft tissue insult, the tissues have 
been traumatised, they are swollen and they need 
to rest. When the wound is dry, the patient can 
start to mobilise, weight bearing as able on 
crutches or a frame under the supervision of a 
physiotherapist. 

 In cases where a positive pre-operative aspi-
rate has allowed targeted antibiotics to be added 
to the cement beads we don’t believe there is 
any benefi t in additional systemic antibiotic 
therapy post operatively as the beads themselves 
are delivering high local concentrations of anti-
biotic [ 7 ]. If the 14-day culture of the deep tis-
sue samples reveals an additional infecting 
organism not previously identifi ed in the aspi-
rate then one could consider an additional 
course of antibiotic therapy. In our experience 
this is not necessary, as the mainstay of treat-
ment has been the radical debridement. 
Antibiotics obviously play an important role, 

but we regard their usage as being secondary in 
the management of PJI. We accept this view is 
not shared by all clinicians; some rely heavily 
on intravenous antibiotics, either in combina-
tion with local antibiotics in the bone cement or 
in isolation.  

    Interval Phase 

 The main purpose of the interval phase is to allow 
the patient and the soft tissues to recover from the 
septic insult. Long periods of systemic antibiot-
ics are not required, as the surgical debridement 
and high-dose local antibiotic elution have treated 
the infection [ 7 ,  28 ]. 

 The duration of the interval phase can vary 
greatly depending on the patient’s soft tissue 
recovery following the fi rst stage procedure. 
We try and aim for a second-stage reconstruc-
tion after a period of some 8–12 weeks [ 25 , 
 26 ]. Simply prolonging the period with a 
pseudarthrosis makes subsequent surgery more 
diffi cult and a probable worse functional out-
come. In the majority of cases, the soft tissue 
swelling has resolved by 2–3 months, the 
wound has healed and infl ammatory markers 
such as the erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP) have 
fallen from their high presurgery levels. If the 
soft tissues have not settled and the ESR and 
CRP remain elevated, a repeat fi rst-stage pro-
cedure should be performed as opposed to 
second- stage reimplantation.  

    Second-Stage Procedure 

 The cases should be re-discussed in an MDT 
planning meeting and the reconstructive plan 
(noted in the operative notes from the fi rst stage) 
reviewed. The second-stage operation should be 
regarded as an aseptic procedure, and the most 
appropriate method of reconstruction for the par-
ticular patient’s needs should be used. The results 
of the deep tissue specimens from the fi rst stage 
should also be reviewed and a plan made in 

  Fig. 14.4    Cement beads       

 

T. Harrison and I. Stockley



175

 conjunction with the microbiologist as to which 
antibiotic to add to the cement, if a cemented 
reconstruction is to be utilised. The dose of anti-
biotic for the cement will not be as high as that 
used in the fi rst stage, as the reconstruction is 
now deemed aseptic and it is important not to 
adversely affect the mechanical properties of the 
cement. 

 At the time of surgery prophylactic antibiotics 
should again be withheld until deep tissue speci-
mens have been taken for microbiological analy-
sis. An advantage of a two-stage over a one-stage 
strategy is that it allows for a second debridement 
of tissues and this second debridement, although 
not as radical, should be as meticulous as the 
fi rst-stage debridement. 

 In the postoperative period, our experience 
would suggest there is no need for systemic anti-
biotic therapy, as the reconstruction was planned 
as an aseptic procedure; however, in many other 
centres patients will receive a further course of 
systemic antibiotics. There is debate about what 
should happen if cultures from the second-stage 
procedure come back positive. We see little point 
in prescribing antibiotics as the specimens were 
taken prior to the second debridement and our 
experience suggests positive second-stage cul-
ture results have had no bearing on the fi nal 
outcome.  

    Follow-Up 

 Regular follow-up of these patients is essen-
tial, especially for the fi rst 12–18 months as 
any recurrence of infection will usually occur 
within this period [ 7 ,  27 ]. In addition, these 
patients often need encouragement and support 
as the recovery after such surgery can be slow 
and they must be encouraged to be patient and 
understand that the primary aim is to be infec-
tion free and functional recovery will come 
with time. 

 Figure  14.5  demonstrates a series of x-rays of 
a patient who underwent a two-stage procedure 
after an attempt to eradicate infection at another 
hospital was not successful.

       Results of Two-Stage Revision 
Surgery and the Role of Systemic 
Antibiotic Therapy 

 There are numerous reports in the literature on 
the outcome of a two-stage strategy and most 
report a successful eradication in about 90 % of 
patients [ 29 ]. Most authors stress the importance 
of the surgical debridement, but the two areas of 
controversy are the time interval between stages 
and the use or duration of systemic antibiotics. 

 The time interval between stages will often 
depend on the individual patient, their soft tis-
sues and their clinical response to the fi rst stage. 
A time interval of 6–12 weeks is usually appro-
priate to allow the soft tissues to settle. One 
study looking at longer intervals (after 20 weeks) 
compared to shorter intervals (within 6 weeks) 
demonstrated higher rates on re-infection in 
those patients who had a longer interval between 
stages [ 26 ]. 

 In terms of the systemic antibiotic regimen 
there is little consensus in the literature. Many 
studies use 6 weeks of antibiotics (either IV or IV 
then oral), although there is no good basic sci-
ence to justify this duration. Several studies have 
achieved almost identical success with much 
shorter regimens ranging from no postoperative 
antibiotics to 14 days of antibiotics. At the 3rd 
Sheffi eld Orthopaedic/Microbiology meeting in 
2010, the results of the surgical treatment of pros-
thetic hip infection from three well-recognised 
units; Oxford (Gundle), Hamburg (Schwantes) 
and Sheffi eld (Stockley), were presented 
(Table  14.1 ). Gundle and Stockley reported on 
their respective two-stage series, and Schwantes 
on single-stage surgery. Despite different sys-
temic antibiotic regimes and the use or a two- 
stage or single-stage strategy, the results with 
respect to the eradication of infection were very 
similar. Hsieh compared a standard 4–6-week 
course of systemic antibiotics between stages 
with a short 1-week course and also achieved 
very similar outcomes with respect to infection 
control [ 30 ]. These very consistent results across 
the studies would suggest that the use of or dura-
tion of systemic antibiotic is not essential or 
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  Fig. 14.5    ( a ) Original infected implant, ( b ) upon presentation to our unit, ( c ) after fi rst stage, ( d ) after successful 
 second stage       
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 potentially relevant; the success of a two-stage 
strategy and that of a single-stage procedure is 
due to the common principles that all studies 
embrace, namely radical surgical debridement 
and delivery of local antibiotic via antibiotic elut-
ing cement.

       Summary 

 A two-stage revision strategy provides reliably 
good outcomes and is the only safe option when 
the nature of the infecting organism is not fully 
known. The keys to success are the use of a multi- 
disciplinary approach, radical surgical debride-
ment of all infected or nonviable tissue and 
delivery of high-dose local antibiotics (with or 
without systemic antibiotics).     
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    Abstract  

  Periprosthetic joint infection (PJI) is one of the most serious potential 
complications following total hip arthroplasty (THA). Despite signifi cant 
advances in our understanding of the pathophysiology of infection and its 
diagnosis, the incidence remains relatively unchanged over the last decade. 
Surgical management of PJI can be challenging; therefore, the surgeon 
needs to be aware of the management options available as well as the 
effectiveness of these options. 

 Two-stage reconstruction is considered by many surgeons to be the 
gold standard for management of the infected THA. This chapter reviews 
the options for two-stage management of the infected PJI affecting the hip. 
It focuses on the role of articulating spacers and presents an evidence-
based and contemporary overview of their role in the modern management 
of patients with an infected total hip arthroplasty.  
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      Introduction 

 Periprosthetic joint infection (PJI) is one of the 
most serious complications that can follow joint 
replacement. Fifty years ago Charnley was able 
to reduce the risk of this occurring from 9.5 to 
0.5 % using clear air systems and occlusive surgi-
cal gowns [ 1 ]. Since then, despite the signifi cant 
improvements which have been made in arthro-
plasty surgery, the incidence of infection has 

        N.  A.   Sandiford ,  MSc, FRCS (Trauma/Orth)    
   D.   Garbuz ,  MD, MHSc, FRCS(C)    •    B.   Masri ,  
MD, FRCS(C)    
  Department of Orthopaedics ,  The University of 
British Columbia ,   Vancouver ,  BC ,  Canada     

    C.  P.   Duncan ,  MB, MSc, FRCSC      (*) 
  Department of Orthopaedics ,  University of British 
Columbia, Vancouver General and University 
Hospitals ,   Vancouver ,  BC ,  Canada   
 e-mail: cpduncan@gmail.com  

  15

mailto:cpduncan@gmail.com


180

remained essentially unchanged. The reported 
incidence of PJI varies from 0.3 to 2.9 % follow-
ing total hip arthroplasty [ 2 ,  3 ]. 

 National joint registries around the World 
indicate that PJI accounts for 12–14.5 % of revi-
sion THA procedures [ 4 – 7 ]. Infection is associ-
ated with increased morbidity and mortality 
within the fi rst year post surgery, prolonged hos-
pitalisation and impairment of physical and psy-
chological function of the patient. Management 
of PJI is resource-intensive and expensive for the 
treating institution and the community at large 
[ 8 ]. The aim of management is to fully eradicate 
the infection and to restore a pain-free, stable and 
functional hip. 

 Revision in two stages, with delayed reim-
plantation, is widely favoured [ 9 ], but the single 
stage approach, in selected cases is gaining 
increasing attention and favour [ 10 – 15 ]. The 
two-stage procedure involves removal of the 
implants, acrylic cement if it was used, and 
necrotic tissue, along with careful debridement 
and lavage. There follows a period of treatment 
with antibiotic, followed by restaging to rule out 
persisting infection and the revision replacement. 
Insall demonstrated the importance of removing 
all foreign material (implant +/− cement) and 
using antibiotics for defi nitive management in 
1983 [ 16 ]. 

 Two stage procedures without the use of an 
interim spacer have been associated with the 
development of joint contractures, risk of 
instability, stiffness, pain, diffi culty with 
mobilisation, and ultimately, technical diffi cul-
ties during reconstruction [ 17 ]. The purpose of 
a spacer is to maintain leg length, stability and 
motion of the affected joint, to facilitate mobi-
lization and rehabilitation of the patient 
between stages, to also maintain soft tissue pli-
ability and planes, while delivering a very high 
dose of antimicrobial to the effective joint 
space [ 10 ,  17 ,  19 ]. 

 This chapter presents the results of two-stage 
revision with the use of interim articulating spac-
ers in the management of PJI complicating total 
hip arthroplasty.  

    Diagnosis of PJI 

 The Musculoskeletal Infection Society (MSIS) 
has recently published diagnostic criteria which 
are required for making the diagnosis of PJI. The 
inclusion of biomarkers has signifi cantly 
improved the sensitivity and specifi city of diag-
nostic tests [ 20 ]. The classifi cation system pro-
posed by Toms et al. [ 22 ] is commonly used and 
provides a guide to management [ 21 – 26 ]. 

 As the diagnosis and classifi cation of PJI will 
be dealt with elsewhere in this text, we will focus 
on two-stage revision with articulating spacers in 
this chapter.  

    The Rationale for Two-Stage 
Reconstruction 

 Single-stage revision has been used in Europe 
since the 1970s. Carlsson reported a 75.5 % suc-
cess rate at 2–6-year follow-up of patients 
infected with a single organism with this tech-
nique in 1978 [ 11 ]. Buchholz et al. [ 13 ] reported 
77 % success with the one-stage procedure at 
5-year follow-up. 

 In all major studies in which single-stage 
reconstruction has been used, patients have been 
very carefully selected. The successful results 
of single-stage reconstruction have been 
achieved in healthy, immune-competent patients 
with favourable soft tissue envelope who pres-
ent with an acute infection caused by a known 
organism which is sensitive to fi rst-line antibiot-
ics [ 22 – 27 ]. Also, traditionally, a single-stage 
exchange has relied on the use of antibiotic 
cement for fi xation, hence the use of cemented 
implants. 

 One-stage revision is contraindicated in 
patients who are clinically septic, where an 
organism is not identifi ed, the presence of a 
sinus tract and if nonviable soft tissue which 
might require fl ap reconstruction is present. It 
is therefore diffi cult to directly compare 
 published results for one- and two-stage 
reconstruction.  
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    Spacers 

 Several types and designs of spacers are used in 
the modern management of PJI complicating 
total hip arthroplasty. These can be broadly clas-
sifi ed as non articulating (static) or articulating. 
Articulating spacers are further classifi ed based 
on the articulating surfaces, i.e., metal on poly-
ethylene, cement on polyethylene, cement on 
cement and cement on bone (unipolar 
monoblock) 

    Static Spacers 

 Static spacers act as a reservoir for the local 
delivery of high-dose antibiotics. They consist of 
a block of PMMA cement bridging the joint 
space. Although they deliver antibiotics, they can 
result in limitation of joint motion, which can 
result in soft tissue contractures, and loss of bone 
stock due to erosion of bone at its mobile inter-
face with the rough surface of the spacer [ 10 ]. 
Such restriction of mobility has been associated 
with diffi culty during surgical exposure at the 
second stage [ 28 – 30 ]. Static devices have also 
been associated with increased blood loss and 
transfusion requirements during the second stage 
when compared to mobile spacers [ 31 ]. 
Reinfection rates with the use of static spacers 
have been shown to be similar to those of mobile 
spacers, however. They are used more commonly 
in the knee. 

 This chapter will focus on the role of articulat-
ing spacers in revision total hip arthroplasty.  

    Articulating Spacers for Revision THA 

 Articulating spacers which are used for revision 
THA can be broadly categorised into two main 
designs based on their bearing surfaces. In the 
fi rst group the head of the prosthesis (which is 
made of cement) articulates with the native 
 acetabulum. These are made from cement and 
have the overall shape of a monopolar 

 hemiarthroplasty. They are often constructed 
from cement with reinforcing rods to minimise 
the risk of fracture. The second group consists 
of a femoral component coated in PMMA 
cement articulating with a polyethylene acetab-
ular component which has been inserted with 
cement. When inserted this design has the phys-
ical appearance of a poorly cemented hip 
arthroplasty. 

 The all-cement varieties can be handmade, 
custom-moulded or prefabricated. Handmade 
spacers are relatively simple to make, they are 
economical, and the amount and type of antibiot-
ics incorporated can be customised for the infect-
ing organism. Infection eradication rates of 
88–100 % have been reported by several authors 
[ 33 – 35 ]. Barrack [ 35 ] used Rush pins to rein-
force their design. Other authors have created 
endoskeletons using Ender nails and K-wires in 
order to minimise the risk of fracture during 
weight bearing in the interval period and during 
stem removal at the second stage [ 33 ,  35 ,  36 ]. 

 Potential drawbacks with this design include 
inconsistencies in the geometry which can affect 
the degree of femoral stability and potentially 
predispose to dislocation [ 3 ]. 

 Custom-moulded spacers bear several simi-
larities to hand-moulded designs in that they are 
structurally similar to hemiarthroplasty prosthe-
ses and consist of a cement mantle often sur-
rounding a metal endoskeleton. They have more 
predictable shapes and reproducible sizes and the 
antibiotics which are added can be tailored to the 
infecting species. The main drawback of this type 
of spacer is that the sizes are limited by the sizes 
of the moulds. For this reason the risk of disloca-
tion [ 31 ,  34 ] is present. Infection eradication 
rates of 96–100 % have been obtained with the 
use of this design, however. 

 Prefabricated spacers (e.g., Spacer G, Tecres, 
Verona, Italy) (Fig.  15.1 ) are offered by a variety 
of manufacturers. Success rates of >90 % have 
been reported with this design by several authors 
[ 37 – 39 ]. Potential issues with this type include 
limitations in size as for custom-moulded spacers 
but also the antibiotic content is determined by 
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the manufacturer. Some authors have attempted 
to address this by drilling holes into the spacer 
which are then fi lled with antibiotic-impregnated 
cement prepared by the surgeon [ 39 ]. The effect 
of this practice on elution characteristics as well 
as the mechanical strength of the spacer are 
unknown.

       Metal on Polyethylene Hip Spacers 

 Several designs of MOP spacers have been 
described in the literature. They all include the 
use of a femoral component coated with cement 
and coupled with a cemented polyethylene 
socket. Hofmann et al. [ 18 ] re-sterilised the 
explanted femoral component and reinserted it 
with antibiotic loaded cement. They reported 
94 % eradication rate at 76-month follow-up 
using this technique along with improved func-
tion, maintenance of soft tissue tension and bone 
stock. Etienne et al. [ 40 ] used a new low-demand 
femoral stem and a polyethylene acetabular com-
ponent. Three of 31 patients had recurrent infec-
tion with this technique. Tsung et al. [ 41 ] reported 
excellent results using the Exeter universal stem 
for their custom spacer (Fig.  15.2 ). Their func-
tional results were so encouraging that 44 % of 
patients opted to delay the second stage as they 
were asymptomatic.

   Romano et al. [ 42 ] and Etienne et al. [ 40 ] both 
reported dislocation with the use of this design. 
The issue has been addressed in several ways. 
Evans [ 30 ] recommended constrained liners. 

Kuzyk et al. [ 3 ] used a custom-moulded cement 
shelf fi xed to the ilium with cancellous screws to 
act as a superior restraint to dislocation. 

 The prosthesis of antibiotic-loaded acrylic 
cement (PROSTALAC) (Depuy, Warsaw, IN, 
USA) articulating hip spacer has been the most 
represented MOP design in contemporary litera-
ture and was the precursor to most articulated 
designs currently available. This device has been 
routinely used by the senior authors since 1986. 
It consists of a low-demand femoral component 
with a modular 32-mm head which is snap-fi tted 
into a simple 42-mm (OD) polyethylene acetabu-
lar component. Tobramycin (3.6 g/40 g of 
cement) and vancomycin (1.5 g/40 g of cement) 
are added (Figs.  15.3 ,  15.4 , and  15.5 ).

     Younger et al. [ 43 ] found signifi cant improve-
ment in pain and functional scores at a mean 
47 months follow-up with the use of the 
PROSTALAC device in 30 patients with signifi -
cant proximal femoral bone loss. Ninety-six per-
cent of patients remained infection-free at fi nal 
follow-up. No difference in infection control 

  Fig. 15.1    An example of a prefabricated spacer (Spacer 
G, Tecres, Verona, Italy) (Author photograph)       

  Fig. 15.2    The custom-made articulating spacer 
(CUMARS). This design consists of an Exeter stem which 
is covered with antibiotic-loaded PMMA cement to the 
neck and a cemented acetabular component       
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rates, functional outcome or complication rates 
were found between the cement on cement and 
metal on polyethylene types. Masri et al. [ 44 ] 
reported three failures in 29 patients treated with 
this technique at a minimum 2 years post surgery. 
Infections recurred in two patients with insulin- 
dependent diabetes mellitus and one who was 
receiving high-dose steroid therapy. 

 Biring et al. [ 45 ] reviewed 99 patients at an 
average of 12 years post surgery. They found that 
improvement in patient-reported outcome mea-
sures noted in the early stages was maintained 
and infection was successfully treated in 89 % of 
patients. Seven of the eleven patients who had 
recurrent infections responded to a second two- 
stage procedure which led to a fi nal success rate 
of 96 % for the long-term resolution of infection. 
To our knowledge these are the longest term 

results which have been published examining the 
success of articulating spacers. 

 Comparative studies have been diffi cult to 
perform due to the differences in design and anti-
biotic content- similar to devices used to manage 
PJI in the knee. What has been shown is that 
patients treated with an antibiotic loaded spacer 
have lower infection recurrence rates [ 46 ]. 
Results of the different designs reported in the 
literature are presented in Table  15.1 .

       Complications of Mobile Spacers 

 Fractures have been described with use of cement 
on cement knee spacers [ 32 ]. Several authors 
have reported fractures [ 31 ,  47 ] and dislocations 
[ 10 ,  31 ,  47 ] (Fig.  15.6 ) as the major complica-
tions associated with mobile hip spacers.

   Jung and colleagues [ 47 ] reviewed 88 articu-
lating custom moulded spacers used for two- 
stage revision THA procedures. They 
encountered 17 % dislocations, 13.6 % femoral 
fractures and fi ve cases (6 %) of nephrotoxicity. 
The incidence of dislocations, femoral fractures 
and nephrotoxicity in this series are higher than 
those experienced by the senior authors, but 
they do emphasize that implantation of a mobile 

  Fig. 15.3    The molds for making the PROSTALAC fem-
oral component       

  Fig. 15.4    The PROSTALAC stem prior to insertion. 
Note the stem is coated with cement almost to the head- 
neck junction       

  Fig. 15.5    Postoperative radiograph of a long-stemmed 
PROSTALAC component       
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hip spacer does carry potential risks which need 
to be discussed with the patient.  

    Factors Affecting the Results 
of Spacers 

 Spacers have structural, functional and therapeu-
tic roles. From the structural and functional per-
spectives they hold the soft tissues out to optimal 
length and facilitate movement and load bearing 
during the interval period. 

 From a therapeutic perspective they act as a 
local depot for antibiotics. The type of cement, 
method used for mixing, as well as the choice of 
antibiotic, its thermal stability and interaction 
with other antibiotics incorporated in the spacer, 
are important factors. 

 The ideal antibiotic should be thermostable, 
bactericidal at low concentrations and water- 
soluble with minimal risk of renal or hepatotox-
icity [ 10 ,  48 ]. Addition of antibiotics in liquid 
form has been shown to reduce the compressive 
and tensile strength of PMMA cement by 49 % 

   Table 15.1    Composition and results of spacers used for management of the infected total hip arthroplasty   

 Type of spacer  Author  N 
 Reinfection 
rate (%) 

 Follow up 
(months)  Antibiotics 

 Type of cement 
used 

 Static  Haddad [ 58 ]  50  8  68  –  – 

 Hsieh [ 31 ]  70  1.4  57  –  – 

 Mobile 

 Handmade a   Barrack [ 35 ]  12  0  60  –  – 

 Leunig [ 59 ]  12  1  27  Gentamicin 05 g/40 g 
cement 

 Palacos R, 
(Zimmer, 
Warsaw, IN) 

 Younger [ 43 ]  15  1  47  Tobramycin 3.6 g/
vancomycin 1.0 g/40 g 
cement 

 Palacos R 

 Molded a   Durbhakula [ 28 ]  24  8  33  Tobramycin 2.4 g/
vancomycin 1.0 g/40 g 
cement 

 Palacos R 

 Prefabricated a   Bertazzoni 
Minelli [ 39 ] 

 20  15  33  Gentamicin 1.9 g/100 g 
cement   vancomycin 
1.0 g/40 g cement 

 Cemex, 
(Tecres, 
Verona, Italy) 

 Metal on 
polyethylene 
designs 

 Evans [ 30 ]  23  4.3  Minimum 24  Tobramyici 4.6 g/
vancomycin 4.0 g/40 g 
cement 

 Palacos R 

 Younger [ 43 ]  15  0  47  Tobramyici 3.6 g/
vancomycin 1.0 g/40 g 
cement 

 Palacos R 

 Masri [ 44 ]  29  10.3  47  Tobramycin 3.6 g/
vancomycin 1.5 g/40 g 
cement 

 Palacos R 

 Hofmann [ 18 ]  27  6  76  Tobramycin 4.8 g  Simplex P 
(Stryker, 
Mahwah, NJ) 

 Biring [ 45 ]  99  11  60  Tobramycin 3.6 g/
vancomycin 1.0 g/40 g 
cement 

 Palacos R 

 Tsung [ 41 ]  76  15.8  79  –  Simplex P 
and Palacos R 

   Abbreviation :  g  grams 
  a Prostheses resembling monopolar hemiarthroplasty stems with a bearing surface made of cement  
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and 46 %, respectively [ 49 ]. Antibiotics which 
are to be added should therefore be available in 
powder form, have low serum albumin binding 
capacity and be thermostable. Spacers have 
been shown to produce higher local concentra-
tions of antibiotics than can be achieved via sys-
temic administration. This can be achieved with 
minimal increase in serum and urine levels of 
the drug thus minimising the risk of systemic 
toxicity [ 25 ,  40 ]. 

 The most commonly used agents are gentami-
cin, tobramycin and vancomycin [ 10 ,  32 ], 
although if the organism is identifi ed and sensi-
tivities known then it is logical to tailor the 
agent(s) used. This is important as up to 41–66 % 
staphylococci isolated from infected joints have 
been found to be resistant to gentamicin and 
tobramycin at the usual concentrations obtained 
via parenteral administration [ 50 ]. However, at 
the very high local levels achieved by antibiotic 
loaded cement, these antibiotics may be effec-
tive. Combining antibiotics can alter the elution 
characteristics and joint fl uid concentration of 
each drug [ 32 ]. The combination of 3.6 g of 

tobramycin and 1.5 g of vancomycin/40 g of 
PMMA cement has been shown to facilitate 
release of the vancomycin (so called passive 
opportunism) [ 51 ]. Penner et al. [ 52 ] suggested 
that as one antibiotic dissolves and elutes, the 
resultant increased porosity of the PMMA facili-
ties release of the other antibiotics. 

 Elution characteristics have also been shown 
to be infl uenced by surface area and porosity of 
the cement [ 10 ]. The type of cement and mixing 
methods can infl uence this. Stevens et al. [ 53 ] 
reported better eluting characteristics for tobra-
mycin when used with Palacos (Zimmer, Warsaw, 
IN, USA) compared to Simplex (Stryker, Warsaw, 
IN, USA) cement. The local concentration of 
antibiotics achieved is infl uenced by the initial 
dose incorporated into the spacer. 

 Commercially available cements contain low 
doses of antibiotics and, by themselves, are not 
suitable for use in two-stage reconstructions [ 32 ]. 
Most antibiotic elution occurs within the fi rst 
24 h [ 39 ,  54 ] and levels remain elevated at up to 
4 months post insertion. Mixing technique also 
infl uences elution characteristics. Hand mixing 
without a vacuum results in greater porosity and 
increased antibiotic elution [ 55 ,  56 ]. 

 In our practice a multidisciplinary approach is 
adopted in the management of these challenging 
cases. All patients are seen by the infections dis-
ease team. Our choice of intravenous antibiotics 
during the interval period as well as the need for 
any further antibiotics are guided by the microbi-
ologist with whom we liaise closely. The antibi-
otics are added intraoperatively to cement in 
powder form and hand mixed.  

    Summary of Results 

 Two-stage revision is a widely accepted standard 
for the management of PJI. Static and articulating 
spacers can be used in the hip. Infection control 
rates seem identical with both techniques. 
Mobility in the interval period, maintenance of 
periarticular soft tissue length and tension and 
ultimately surgical access at the second stage 
seem to be improved with the use of articulating 
spacers. The current literature suggests that metal 

  Fig. 15.6    A dislocated mobile hip spacer       
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on polyethylene spacers provide signifi cant pain 
relief, acceptable levels of function and high lev-
els of patient satisfaction based on Patient 
Reported Outcome Measures. The longest term 
results, mainly based on the PROSTALAC spac-
ers, suggest that relief of infection and functional 
improvement are maintained in the long term. 

 The choice of antibiotic should be guided by 
sensitivity of the organism. At least 3.6 g of anti-
biotic should be added per 40 g of cement. The 
surgeon should be familiar with the chosen anti-
biotic’s elution characteristics and mixing should 
be done by hand to increase porosity of the 
cement as suggested by Clyburn and Qui [ 57 ].   

    Conclusion 

 Articulating spacers provide a viable option 
for management of patients undergoing two-
stage revision arthroplasty for infection. They 
enable the patients to bear weight, allow func-
tional movements of the joint and facilitate 
operative exposure during the second stage. 
Careful consideration must be given to the 
choice of antibiotics and preparation of the 
spacer.     
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      Late Infections: Algorithm 
Approach                     

     Sujith     Konan       and     Fares     S.     Haddad     

    Abstract  

  Late infections in a well-functioning joint pose a signifi cant diagnostic 
and treatment challenge to the surgeon. Periprosthetic joint infection (PJI) 
is associated with signifi cant morbidity to the patient and tremendous eco-
nomic burden to the treating organisation. The aim of treating PJI is to 
eradicate infection, achieve a pain-free, functional joint and minimise 
morbidity. A systematic evidence-based approach will help realise this 
goal. This chapter summarises an algorithmic approach to management of 
late PJI.  

  Keywords  

  Late infection   •   Two-stage   •   Single-stage   •   Infection algorithm   •   Implant 
infection  

      Introduction 

 Arthoplasty has revolutionised the management 
of the arthritic joint. Several advances in arthro-
plasty have ensured continued improvement in 
patient outcomes. Literature [ 1 ] looking at the 
projected incidence of arthroplasty in the United 

States of America suggest that there will be a 
174 % increase in the incidence of total hip 
arthroplasty (THA) and a 673 % increase in the 
incidence of total knee arthroplasty (TKA) by 
2030. The incidence of complications from joint 
arthroplasty is relatively low. However, with the 
rising prevalence of joint arthropasties world-
wide, the burden of complications is high. It is 
estimated that approximately 6 % of primary 
implants require revision after 5 years and 12 % 
after 10 years [ 2 ]. 

 Periprosthetic joint infections (PJI) are a com-
mon cause for revision surgery and pose consid-
erable challenge at several levels. Infection is the 
commonest cause of early revision of TKA and 
the third most common of THA. The 5-year 
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 mortality after revision arthroplasty for infection 
is higher than revision for aseptic loosening [ 3 ]. 
For the patient, dealing with PJI is a source of 
 signifi cant physical morbidity and psychosocial 
distress and they can pose serious fi nancial bur-
den for healthcare systems. 

 The management of PJI must involve multiple 
strategies starting with patient selection and 
modifying some of the predisposing risk factors. 
Care must be taken during surgery and during the 
early postoperative phase to reduce the risk of 
seeding the joint with organisms. However, 
despite all these efforts, there may be late presen-
tations of PJI, and this needs to be approached in 
a systematic evidence-based manner so as to 
achieve successful outcome for the patient and 
reduce the economic burden of managing PJI.  

    Prevention 

 A single revision surgery for PJI is higher than 
the cost of revision for non-infectious reasons. 
The higher costs may be due to need for pro-
longed procedure, higher blood loss, increased 
need for bone allograft, and higher complications 
[ 4 ]. Added to this there are the indirect individual 
and societal costs of the prolonged treatment 
required for PJI. Prevention may hence be the 
most cost-effective strategy for dealing with the 
high economic burden of PJI. The strategies for 
prevention of PJI should focus on optimising host 
factors as well as perioperative surgical factors. 

 The immunocompromised host presenting 
for total joint arthroplasty presents a unique 
challenge and all measures to optimise the 
patients’ perioperative care is essential for opti-
mal outcome. Composite risk scores such as the 
National Nosocomial Infections Surveillance 
(NNIS) System surgical score (length of the sur-
gical procedure, the American Society of 
Anesthesiologists (ASA) preoperative assess-
ment score, and surgical wound classifi cation 
for each procedure) correlate with increased 
odds of infection [ 5 ]. An elevated ASA score, 
suggesting high perioperative comorbidities, 
has also been associated with an increased risk 
of infection [ 6 – 9 ]. 

 In the presence of global immunosuppression 
including rheumatoid arthritis, systemic immu-
nosuppression, diabetes mellitus, chronic kidney 
disease, and malignancy the risk of PJI is as high 
as 2.2-fold [ 9 ]. 

  Infl ammatory arthritis  as well as the  med-
ications  used for their management are associ-
ated with a higher risk of infection [ 10 ,  11 ]. 
The International Consensus Group has pub-
lished practice guidelines for discontinuing 
anti- rheumatoid medications prior to joint 
arthroplasty [ 12 ]. It may be safe to continue 
nonbiologic disease-modifying antirheumatic 
drugs (DMARDs) through joint arthroplasty 
[ 13 ,  14 ], methotrexate may be withheld when 
there is concern for wound healing problems. It 
is recommended to withhold tumor necrosis 
factor alpha inhibitors around the time of 
arthroplasty surgery or revision [ 15 ,  16 ]. In 
practice, the management of biologic and non-
biologic DMARDs during joint arthroplasty or 
PJI treatment is varied and should be individu-
alized, in consultation with the treating 
rheumatologist. 

  Glycemic control  in the perioperative 
period essential to decrease the risk of PJI, 
especially in diabetics [ 8 ,  17 – 20 ]. Perioperative 
hyperglycemia may be a better marker of con-
trol than Haemoglobin A1c [ 8 ]. Postopertaive 
blood glucose should be maintained between 
110 and 180 g/dL and standard diabetic algo-
rithm to maintain strict control of blood glu-
cose in the peri-operative phase can be 
benefi cial [ 17 ,  21 ]. 

 High and low  body weight (BMI)  have been 
associated with an increased risk of infection [ 6 , 
 8 ,  17 ,  18 ,  20 – 22 ]. Optimising the patients weight 
by education, counselling, dietician review and 
or surgical intervention seems to be benefi cial 
approach to reduce the risk of PJI. 

  Perioperative infection  at a distant site, 
including the urinary or respiratory tract, is 
associated with an increased risk of PJI [ 6 ,  18 ]. 
Presence of symptomatic urinary tract infec-
tion or urinary tract obstruction and WBC 
count greater than 10,000 cells/ML should 
prompt delaying surgery until after treatment 
[ 23 ,  24 ]. 
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 There is also some  selected evidence  to rec-
ommend the possible role of smoking [ 18 ], 
antecedent bacteremia (during the previous 
year) [ 25 ], antecedent septic arthritis of the 
index joint [ 5 ], postoperative surgical site hema-
toma, superfi cial surgical site infection, wound 
drainage, and wound dehiscence [ 5 ,  6 ,  25 ] in the 
development of PJI. Care to avoid prolonged 
procedure duration [ 5 ,  26 ,  27 ], and allogeneic 
blood transfusion [ 5 ,  6 ,  28 ,  29 ] may also be ben-
efi cial in avoiding PJI. 

 Preoperative  screen for staphylococcus skin 
fl ora  and decolonisation [ 30 ,  31 ] and perioperative 
antimicrobial prophylaxis [ 32 ,  33 ] reduces the risk 
of surgical site infection, which is a well- established 
risk factor for subsequent PJI [ 5 ,  6 ,  25 ]. 

    Antibiotic Prophylaxis 

 Evidence from rigorous case-control studies sug-
gests that there is no increased risk of PJI follow-
ing either low- or high-risk dental procedures [ 9 ]. 
Furthermore, antimicrobial prophylaxis given 
before dental procedures does not decrease the 
risk of subsequent PJI [ 9 ]. Antimicrobial prophy-
laxis is also not indicated for prevention of PJI in 
patients undergoing urologic or endoscopic gas-
trointestinal procedures. However, given the het-
erogenous nature of these procedures, the 
decision to provide prophylaxis should be made 
on an individual basis.   

    Diagnosing PJI 

 It is essential to understand that no test for PJI has 
100 % diagnostic accuracy and the treating sur-
geon must correlate the clinical and radiographic 
presentation with a combination of serum blood 
tests, synovial fl uid analysis, microbiological and 
histopathological evaluation of periprosthetic tis-
sue and intraoperative inspection to reach a defi n-
itive diagnosis. 

 Diagnosis should begin with a  high index 
of suspicion  for new onset of pain or symp-
toms in well-functioning joints. Plain radio-
graphs may identify osteolysis or early signs of 

implant failure and should be promptly investi-
gated further for PJI. 

    Serum Blood Tests 

 Serum blood tests such as peripheral blood ESR 
and CRP remain the most widely used next step 
for the diagnosis of PJI. Both these tests are widely 
available, inexpensive, and have a rapid turn-
around time in laboratories. The results should be 
interpreted with caution due to their relative lack 
of specifi city. The sensitivity and specifi city values 
for CRP are approximately 88 and 74 %, respec-
tively; while that of ESR is slightly lower at 75 and 
70 %, respectively [ 34 ]. The combined ESR and 
CRP tests are 96 % sensitive for ruling out PJI, but 
the specifi city of this combination is as low as 
56 % [ 35 ]. The role of interleukin-6 and procalci-
tonin in routine clinical practice for diagnosing 
infection remains to be established.  

    Advanced Imaging Modalities 

 Advanced imaging modalities such as three- phase 
bone scintigraphy, radioactive. 111In labelled 
autologous leukocytes scan, [18F] Fluoro-2-
deoxyglucose positron emission tomography 
(FDG-PET) may be used as a part of the diagnos-
tic algorithm at this point. However, they require 
expert interpretation and are limited by availabil-
ity and high costs. When available they have high 
sensitivity and specifi city [ 12 ,  36 ,  37 ], but their 
routine use is not recommended and indications 
have to be individualised in the light of clinical 
presentation.  

    Synovial Fluid Analysis 

 In the presence of high clinical suspicion and 
elevated peripheral blood ESR and or CRP, the 
clinician should plan synovial fl uid analysis. This 
provides a synovial fl uid white cell count with 
differential cell count, specimen for culture and 
possibility of analysing other synovial fl uid 
markers. 
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    Synovial Fluid White Cell Count 
and Differential 
 A white cell count of 3000 cells/microL and 
80 % differential has been set as the threshold for 
diagnosis of chronic infections, by the 
International Consensus Group [ 12 ]. It is impor-
tant to note that failed metal-on-metal hip arthro-
plasties can give a falsely elevated synovial fl uid 
cell count when using automated cell counters. 
This can be overcome by manually counting cell 
numbers.  

    Synovial Fluid Culture 
 Synovial fl uid should be directly into blood cul-
ture bottles [ 38 ], and antibiotics should be with-
held at least 2 weeks [ 39 ,  40 ] prior to aspiration, 
whenever possible. The pooled sensitivity of 
synovial fl uid culture is 72 % and a specifi city as 
high as 95 % [ 41 ]. Cultures also help establish 
the organism, virulence and sensitivities that help 
plan subsequent treatment algorithm.  

    Novel Synovial Fluid Markers 
 The role of synovial fl uid ESR, CRP, leucocyte 
esterase and antimicrobial peptides continue to 
be researched. Synovial fl uid leucocyte esterase 
remains the most widely studied and can be mea-
sured using commercially available colorimetric 
strips. It has been included as supporting criteria 
for diagnosis of PJI in the International Consensus 
Meeting defi nition of PJI [ 42 ]. 

 Synovial fl uid analysis is an excellent adju-
vant to establish PJI and guide further treatment. 
If aspirate fails to yield fl uid despite a second 
repeated attempt, the surgeon should formulate a 
working diagnosis based on the presentation and 
peripheral blood markers. The advanced imaging 
modalities discussed above are helpful in this 
scenario. In our practice a MDT approach is used 
to decide the best practice at this point. Where 
there is a high clinical, laboratory or radiological 
suspicion of infection, the working diagnosis 
should be PJI until proven otherwise.   

    Periprosthetic Tissue Biopsy 

 Testing periprosthetic tissue provides valuable 
information in microbiological diagnosis and 
workup of PJI. Where an opportunity is available 

to obtain pre-operative samples such as when 
arthroscopic assessment or washout of the joint is 
conducted, tissue biopsy is recommended. 
However, routine attempt at pre-operative tissue 
biopsy is not necessary due to lack of demon-
strated superiority over aspiration and the addi-
tional expense and possible complications of the 
involved procedure [ 43 ]. 

 Routine use of  gram staining  is not recom-
mended due to poor sensitivity [ 44 ]. However, 
frozen section may have some role [ 30 ], espe-
cially when performed by skilled pathologist and 
fi nding of 5–10 neutrophils per high power fi eld 
is considered consistent with PJI [ 45 ]. 

  Tissue culture  remains the gold standard for 
diagnosis despite false-positive and false- 
negative results. Whenever possible multiple 
samples should be obtained (three to fi ve) to aid 
interpretation [ 12 ]. A threshold of two to three 
positive specimens yielding indistinguishable 
microorganisms has been recommended to 
improve sensitivity [ 30 ,  46 ].  

    Histological Analysis 
of Periprosthetic Tissue 

 Acute infl ammation, evidenced by neutrophilic 
infi ltrate on fi xed or frozen tissue, is suggestive 
of PJI. Acute infl ammation, defi ned as the pres-
ence of at least fi ve neutrophils per high-powered 
fi eld, in at least fi ve separate microscopic fi elds 
[ 24 ], has been included in the recent consensus 
defi nitions for PJI [ 42 ].  

    Sonication of Removed Prosthetic 
Component 

 Sonication of the prosthesis is used to dislodge the 
biofi lm and the associated bacteria from the surface 
of the implant. With this approach, low- frequency 
ultrasound waves pass through liquid surrounding 
the prosthesis, creating areas of high and low pres-
sure [ 47 ]. Microscopic bubbles are formed during 
the low-pressure stage and collapse during the 
high-pressure stage, releasing energy and liberat-
ing bacteria from the surface of the implant. The 
fl uid surrounding the implant can used for culture 
or analysis. Vortexing of the p rosthesis alone may 
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be a viable alternative in laboratories in which soni-
cation is not available [ 48 ]. Several studies have 
demonstrated a higher sensitivity for culture of 
sonication fl uid (62–94 %) than periprosthetic tis-
sue (54–88 %) [ 46 ,  49 – 54 ].  

    PCR Testing 

 Synovial fl uid aspirate, periprosthetic tissue or 
sonicate fl uid may be subject to molecular diag-
nosis to amplify genetic material and improve 
microbilogical diagnosis of PJI [ 49 ]. This tech-
nique has shown increased sensitivity in patients 
who had received antibiotics within 14 days 
before implant removal. Results have to carefully 
interpreted with due consideration for possibility 
of false positive results.   

    Treatment 

 The goals of managing late PJI treatment are to 
eradicate the infection, restore pain-free 
 function of the joint, and minimize patient 

morbidity and mortality. This may be achieved 
using several techniques, and the latter are 
often guided by patient and microbiological 
factors (Fig.  16.1 ).

      MDT Approach 

 We have published on our multidisciplinary 
team approach for diagnosis and management 
of periprosthetic infection [ 55 ]. The multidis-
ciplinary team included microbiologists, infec-
tious disease specialists, orthopaedic surgeons, 
radiologists, physiotherapists and physicians 
who review all patients, and their management 
is discussed at every stage in their pathway. 
The outcome of aspiration and biopsy is used 
to isolate the micro- organism and determine its 
antibiotic sensitivity and the most appropriate 
antibiotics for the fi rst stage. Multiple tissue 
samples are sent at the time of this operation 
and helped to determine the type and duration 
of antibiotic treatment in the interval period, 
and the antibiotic cover required for the second 
stage.  

Late periprosthetic infection

Antibiotic supression
Resection arthroplasty, arthrodesis &

amputation

Debridement, change of articluation &
retention of prosthesis

Two-stage revision

Single-stage revision

Severe comorbidities & stable implants, without
systemic infection

Acute presentation

Local or systemic host factors with a higher risk
for treatment failure or reinfection include

lymphedema with knee arthroplasty infection,
the presence of a sinus tract, prior joint revision,

and rheumatoid arthritis.

Host without immune-compromise, no soft
tissue envelope compromise and an identified
pathogen that is susceptible to antimicrobials

Multiple failed attempts & recalcitrant cases

Not routinely recommended

  Fig. 16.1    Guide to treatment options in late periprosthetic infection       
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    Debridement and Implant Retention 
(DAIR) 

 Late acute (<3 weeks) haematogenous infections, 
may be suitable for debridement and modular 
exchange with implant retention if the implants 
are not loose. The attraction of implant retention 
is the presumed lower morbidity to the patient of 
non-removal of well-fi xed implants. The success 
rate of this technique is low when infection has 
been present for more 3 weeks, if a sinus tract is 
present or an arthroscopic debridement was 
undertaken for knee PJI [ 56 ]. As the success of 
this technique is dependent on debridement, it 
must be meticulous, and all infected-looking 
material must be removed. Adding local 
antibiotic- impregnated cement beads can be 
added to achieve high-dose local antibiotic deliv-
ery [ 57 ]. The treatment success rate of DAIR 
reported in the literature ranges from 31 to 82 % 
depending on the type of infections and the nature 
of microorganisms [ 56 ,  58 – 61 ].   

    Revision Arthroplasty 

 Debate continues worldwide over the ideal revi-
sion technique for PJI, with enthusiast demon-
strating comparable results with both these 
approaches [ 62 – 67 ]. In our centre we have dem-
onstrated successful results achieved using the 
single stage technique. 

    Two-Stage Revision 

 One approach for treatment of late PJI is a two- 
stage revision with a variable length course of 
high-dose antibiotics between the stages (tradi-
tionally 4–6 weeks). A cement spacer impreg-
nated with antibiotic can be used to produce 
high local levels of antibiotic and maintain 
limb stability and length between the two pro-
cedures [ 68 ]. Vancomycin is commonly added 
for gram positive infections and tobramycin 
for gram-negative infections. Articulating 

spacers have been used to limit the functional 
defi cit following multiple procedures and to 
avoid extended periods of compromised joint 
function. They also make revision surgery 
technically easier and have shown superior 
results to static spacers [ 69 ]. So-called “poorly 
cemented” cheaper prostheses are increasingly 
used in some centres as a stable temporary 
joint replacement to permit near full function, 
whilst providing all the benefi ts of local antibi-
otic therapy of cement spacers and reducing 
the risks of spacer fracture. In the knee, the 
removed components can be sterilised and 
loosely cemented to act as articulating spacers 
with excellent infection eradication and obvi-
ous cost benefi ts [ 70 ,  71 ]. 

 The timing of reimplantion in a two-stage 
revision should be based on clinical evaluation, 
assessment of peripheral blood ESR and CRP 
and repeat synovial aspiration where possible. 
The use of infl ammatory markers has not been 
found to be prognostic; despite no evidence of 
residual infection at time of revision, an elevated 
ESR and CRP were found in 50 and 20 % of 
cases, respectively [ 72 ]. There is some evidence 
that repeat synovial aspiration prior to second 
stage revision in the knee is benefi cial in reduc-
ing the failure rate [ 73 ], if positive sampling is 
treated with repeat debridement and a second 
parenteral course of antibiotics. 

 Risk factors for treatment failure following 
two-stage arthroplasty exchange can be host- 
related factors, pathogen-related factors, or 
treatment- related factors. Local or systemic host 
factors with a higher risk for treatment failure or 
reinfection include lymphedema with knee 
arthroplasty infection [ 74 ], the presence of a 
sinus tract [ 75 ,  76 ], prior joint revision [ 77 ], and 
rheumatoid arthritis [ 77 ]. 

 Reimplantation within 2 weeks of resection 
has a low likelihood of success, particularly in 
patients infected with  S. aureus  or aerobic gram- 
negative bacilli [ 78 ]. Furthermore, a structured 
protocol where reimplantation is performed only 
if cultures are negative prior to the second-stage 
surgery may improve outcomes [ 73 ].  
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    One-Stage Revision 

 Proposed advantages one stage revision 
include lower morbidity, shorter overall hospi-
tal stay, lower cost and less interference with 
patients quality of life [ 79 ,  80 ]. Results from 
European centres using cemented revision 
components suggest more than 90 % eradica-
tion of infection [ 79 ]. Some of the criteria 
associated with successful single stage include 
host without immune compromise, no soft tis-
sue envelope compromise and an identified 
pathogen that is susceptible to antimicrobials 
available orally and in PMMA [ 81 ,  82 ] (60, 
352 t). The pooled results for single stage revi-
sions showed an overall infection free rate of 
82 % [ 83 ].  

    Antimicrobial Treatment Alone 

 Nonsurgical management of PJI is not recom-
mended. It should be considered only for those 
who are unable to undergo even a single surgical 
procedure (e.g., due to multiple comorbidities) or 
are unwilling to undergo surgery and who have a 
well-fi xed prosthesis and infection with microor-
ganisms that are susceptible to oral antibiotics. 
Such a strategy is likely to be more successful in 
those with early rather than delayed or chronic 
infection [ 84 ]. 

 The optimal antimicrobial treatment pro-
gram with a nonsurgical strategy is unknown. 
Typically, patients are given 4–6 weeks of 
pathogen- directed intravenous or highly bio-
available oral antimicrobials, based on antimi-
crobial susceptibilities determined by joint 
aspirate culture. This may be given as combi-
nation therapy with rifampin [ 84 ]. Many 
patients will ultimately be placed on prolonged 
or indefi nite oral antimicrobial suppression. 
The choice of the suppressive antimicrobial 
must take into account toxicity, oral bioavail-
ability, cost, and frequency of administration, 
drug interactions, and the need for ongoing 
therapeutic monitoring.  

    Resection Arthroplasty, Arthrodesis, 
and Amputation 

 These are reserved for frail patient with recalci-
trant infection, who is not suitable for reconstruc-
tion, or those with failed treatment with repeated 
revisions. 

    Surgical Technique for Revision THA 
 The following section describes the surgical tech-
nique we use in our institution for infected revi-
sion arthroplasty [ 85 ]. 

 The skin is prepared twice with 3 M™ 
DuraPrep™ solution, containing iodine povacrylex 
and isopropyl alcohol. Drapes are applied in a reg-
ular fashion, the previous incision is marked, and a 
3 M™ Ioban™ antimicrobial incision drape is 
then placed directly on the skin. We do not rou-
tinely infl ate the tourniquet for the knee joint at 
this stage, as our experience has shown that this 
minimizes tourniquet-related adverse effects. 

 In all hip arthroplasty patients, we use a poste-
rior approach. A midline incision and medial 
parapatella approach is used in knee arthroplasty, 
utilising the previous incision scar when possi-
ble. Following adequate exposure, a thorough 
synovectomy is undertaken, and all infl amed tis-
sue is debrided and excised using a combination 
of curettage, knife and surgical diathermy whilst 
maintaining haemostatsis. 

 Both superfi cial and deep samples of any fl uid, 
infected tissue, bone or tissue between implant-
cement or implant-bone interfaces are sent for 
aerobic, anaerobic and extended microbiology 
cultures. Five samples are adequate but must be 
representative of the entire surgical fi eld, as the 
isolation of an indistinguishable microorganism 
from three or more independent specimens has 
been shown to be highly predictive of infection 
(sensitivity 65 %; specifi city 99.6 %), except 
unusual virulent species where a single growth is 
signifi cant. Histological samples are only sent if 
there is suspicion within the joint tissue, that mac-
roscopically appears unusual for infection (the 
procedure will continue as previously planned, 
except in extreme circumstances). 
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 Microbe-specifi c antibiotics, based on previ-
ous sensitivities or empirically chosen following 
discussions with the microbiologists, are now 
administered. 

 Specifi cally designed or generic instruments 
are used to explant the prosthesis, taking care to 
avoid any inadvertent bone loss. In the presence 
of fl orid infection, implants may be loose and 
easy to extract. Once the implant has been 
removed, further debridement will be required of 
the distal femoral and tibial shafts, or of the ace-
tabulum and proximal femoral shaft, to remove 
necrotic tissue or biofi lm. 

 Following debridement, the wound is irri-
gated with 12 l of warm 0.9 % saline via pulsa-
tile lavage, followed by a 50:50 mix of 100 mL 
of 3 % hydrogen peroxide and 100 mls of sterile 
water solution. Hydrogen peroxide is used for 
its chemical debriding characteristics, as it has 
been shown to be relatively ineffective at reduc-
ing bacterial count. A further 0.9 % saline irri-
gation removes the hydrogen peroxide from the 
surgical fi eld, which is then irrigated with 
200 mL of 10 % aqueous povidone-iodine (1 % 
available iodine) although more dilute concen-
trations have shown some benefi t. Povidone-
iodine is known to have bactericidal activity 
without adversely effecting wound healing, but 
there is controversy over possible cytotoxic 
effects to host tissues. 

 The same concentration of povidone-iodine is 
used to soak cotton-gauze, which is then packed 
within the wound, and skin edges approximated 
temporarily with a continuous 1-vicryl. This is 
covered with an antimicrobial incision drape to 
maintain wound sterility. 

 The drapes are discarded and the operative 
team descrubs with the wound protected by the 
antimicrobial incision drape. The next step 
depends on whether a single-stage or two-stage 
revision is planned. For a two-stage revision, an 
antibiotic-loaded cement spacer, either dynamic 
or static, is inserted after changing drapes and 
equipment. 

 The spacer usually contained 3 g of vancomy-
cin and 2 g of gentamicin per 40 g sachet of 
Palacos R cement (Schering Plough Ltd, Labo nv, 
Belgium), unless otherwise indicated. 

 For a single-stage revision, the team then pre-
pares for the second half of the procedure by 
rescrubbing and opening new sterile instruments. 
None of the previously used instruments are 
reused at this stage. The surgical fi eld is re-draped 
and the skin and the antimicrobial incision drape 
overlying the wound is prepped using 3 M™ 
DuraPrep™ solution. 

 The sterile wound drape is then removed, 
together with the sutures and gauze. The wound 
is irrigated further with 200 mL of 10 % aqueous 
povidone-iodine, followed by 1 l of pulsatile 
lavaged 0.9 % saline. 

 The femur and tibia, or acetabulum, are pre-
pared for the insertion of the new prostheses, 
which may require antibiotic-laden acrylic 
cement or tantalum cones if there has been sig-
nifi cant bone loss. 

 During the cementing of the components, we 
add 2 g of vancomycin per 40 g of Simplex P 
bone cement, which does not compromise tensile 
or compressive strength of the cement. In high- 
risk patients, higher doses of antibiotics such as 
6–8 g of antibiotic per 40 g of cement have been 
shown to be systemically safe and effective. The 
cement is hand mixed with vacuum, but once 
fully mixed the powdered vancomycin is added 
and mixed by hand without vacuum to improve 
antibiotic elution. 

 Alternatively, if the components are unce-
mented, autogenic cancellous bone graft may be 
used with 3.64 % vancomycin per weight of bone 
graft. Powdered vancomycin can be placed upon 
the prosthetic stems, or as pellets on the surgical 
site before closure. The antibiotic choice may 
vary depending upon microbiology sensitivities. 

 The tourniquet is only infl ated during cement-
ing of knee arthroplasty to improve haemostasis 
and cement-bone interface, and remains infl ated 
until the end of the procedure. 

 Prior to closure, further irrigation is under-
taken with 1 l of 0.9 % sodium chloride. Drains 
may be inserted to prevent early postoperative 
haematoma formation, but removed within the 
fi rst 24 h to allow high local concentrations of 
antibiotics. A meticulous closure is established 
with 2/0 VICRYL™ suture to the fascial and sub-
cutaneous layer, and 3/0 MONOCRYL™ as a 
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continuous subcuticular suture. A sterile 
Mepore® absorbent dressing is then applied, 
with compression obtained by a layer of folded 
cotton gauze and Mefi x® for THEA, or wool and 
bandage for TKEA.    

    Conclusion 

 Late presentation of PJI can be a devastating 
complication to the patient and can pose a 
huge economic burden to the treating organisa-
tion. We have presented here an evidence-
based algorithmic approach to prevention, 
diagnosis and treatment of PJI. In our opinion, 
measures to prevent PJI remain the key strat-
egy for future and perhaps the most cost-effec-
tive. New-onset pain or symptoms in a 
well-functioning joint should raise the suspi-
cion of infection. A thorough history and 
examination followed by serum ESR, CRP and 
synovial aspirate helps to confi rm diagnosis in 
most cases. Several new imaging modalities as 
well as biomarkers are available as adjunctive 
tools to aid diagnosis. Treatment should be tai-
lored to individual patients, taking into consid-
eration host and microbiological factors.     
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      Late Infections of the Hip Joint: 
Resection Arthroplasty and Other 
Solutions                     

     Kevin     L.     Garvin      ,     Beau     S.     Konigsberg     , 
and     Curtis     W.     Hartman    

    Abstract  

  Resection arthroplasty is an acceptable treatment option for an infected 
hip prosthesis. The operation was described in the literature as a treatment 
for other pathologic hip conditions long before arthroplasty was a com-
mon procedure. It gained popularity as a treatment for infected hip pros-
theses shortly thereafter and was considered a more necessary intervention 
before the proliferation of antibiotics and reconstruction implants and 
techniques available today. The historical perspective, surgical technique, 
current indications and results are described in this chapter. Also, alterna-
tives to resection arthroplasty, other than hip joint reconstruction, are dis-
cussed, including chronic antibiotic suppression with component retention 
and amputation.  

  Keywords  

  Resection arthroplasty   •   Girdlestone   •   Failed total hip arthroplasty   •   Late 
infections   •   Indications   •   Results   •   Alternatives   •   Prosthetic infection   • 
  Amputation  

      Historical Perspective 

 What began as a primary treatment for acute pyo-
genic arthritis of the hip is most often used now 
as a salvage operation for patients whose pros-
thetic joint has become infected and failed reim-
plantation. In the mid 1800s, Anthony White  
described femoral head and neck resection for 
septic arthritis. In 1921 Robert Jones described 
resection of the femoral head to treat hip ankylo-
sis; and just two years later Girdlestone described 
resection of the proximal femur as well as the 
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 lateral portion of the acetabulum for treatment of 
the advanced hip infection, particularly tubercu-
losis [ 1 ]. The indications gradually expanded to 
include the surgical procedure as a primary treat-
ment for osteoarthritis, femoral neck non-unions, 
muscle spasticity of the hip, neuropathy, acetabu-
lar  protrusio and other conditions associated with 
hip destruction. Contemporary resection arthro-
plasty of the hip is commonly and perhaps inac-
curately used synonymously with the procedure 
described by Girdlestone. Girdlestone did popu-
larize the surgical treatment of hip disease, fi rst 
describing excision arthroplasty for treating 
tuberculosis hips in 1928. He later described the 
operation for severe infections of the hip and 
stated they were rare in times of peace [ 1 ]. As 
antibiotics were still unavailable, surgical treat-
ment, debridement and drainage for these infec-
tions was paramount. The principles of surgical 
treatment included wide surgical exposure, exci-
sion of infected and necrotic tissue (including a 
large mass of muscle tissue), and leaving the sur-
gical wound packed with Vaseline gauze. Patients 
were subsequently immobilized for several 
weeks, often in a hip spica cast. Girdlestone 
described the surgery for patients with articulat-
ing as well as ankylosed joints. He justifi ed the 
excision of a “large mass of muscle” because the 
hip joint would either be ankylosed or a pseudo-
arthrosis and neither type of joint relied on the 
muscle that he resected. 

 Although the procedure was life-saving in the 
early part of the twentieth century, the current 
role of resection arthroplasty has changed signifi -
cantly. Bourne et al. provided a six-year follow-
up study including 33 Girdlestone arthroplasties 
performed to salvage the hip after a prosthetic 
joint infection [ 2 ]. The operation effectively 
relieved the pain of 91 % of the patients and con-
trolled infection in 97 % of the patients. The pro-
cedure did not perform as effectively for 
restoration of function, with only 42 % of the 
patients satisfi ed with their functional ability. 
Eighty-fi ve percent of the patients required a 
walking aid and three were confi ned to a bed or 
wheelchair as non-ambulators. Despite the func-
tional limitations, most (79 %) were satisfi ed. 
Currently, resection arthroplasty is performed for 

patients who, because of medical illness or other 
reasons, are not candidates for reimplantation of 
their prosthetic joint. The purpose of this chapter 
is to provide contemporary information on the 
indications and results of resection arthroplasty 
of the hip and other types of salvage procedures 
for prosthetic joint infection.  

    Indications 

 The most common indications for resection 
arthroplasty include prosthetic joint infection, 
persistent or recurrent infection after a one- or 
two-stage reimplantation and rarely aseptic loos-
ening in medically infi rm patients. The primary 
goal of treatment of a prosthetic joint infection is 
eradication of the infection. The majority of 
patients are successfully managed as their infec-
tion is cleared and they have a successful reim-
plantation of the prosthesis either in one or two 
stages. However, a small percent of patients are 
not candidates for reimplantation of the pros-
thetic joint. Reimplantation of the prosthesis for a 
patient with a prosthetic joint infection may not 
be performed for a number of reasons including 
patient refusal, poor health, resistant organisms, 
absent bone or soft tissue compromising the 
reconstruction or any combination of the above 
factors (Table  17.1 ).

   The varying number or percent of patients 
from one study to another may also refl ect the 
surgeon’s bias to either recommend or not recom-
mend prosthetic joint reimplantation. Malcolm 

   Table 17.1    Contemporary indications for resection 
arthroplasty   

 Prosthetic joint infection 

   Medically infi rm patients 

   Patients who refuse further surgery 

   Chronic infection with resistant pathogens 

   Severe loss of bone and/or soft tissue 

 Aseptic loosening 

   Medically infi rm patients 

   Patients who refuse further surgery 

   Severe loss of bone and/or soft tissue 

 Any combination of the above factors 
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et al. evaluated their experience with resection 
arthroplasty as indicated for patients with aseptic 
compared to septic failure of the hip. Overall 
their patients were older with a mean age of 70.5 
(standard deviation = 12.3). Parvizi et al. evalu-
ated patients after total hip arthroplasty and 
determined those who suffered major complica-
tions were approximately eight years older than 
patients with no complications (P = 0.0001) [ 3 ]. 
The patients also had more comorbidities than 
patients who had primary joint replacement. The 
results with regard to complications, reoperations 
and the risk of death were similar between the 
two groups [ 4 ]. Berend et al. identifi ed 202 
patients (205 hips) who were treated for a pros-
thetic joint infection and then an anticipated two- 
stage reimplantation [ 5 ]. Fourteen of the patients 
died before reimplantation and two were not 
reimplanted because of medical comorbidities. 
Thus, 16 patients, or 8 %, had a resection arthro-
plasty as their defi nitive procedure. The percent 
of prosthetic joint infections treated by resection 
arthroplasty in their series was similar to others 
[ 6 ,  7 ]. 

 Rarely would a patient choose resection 
arthroplasty over a one- or two-stage reimplanta-
tion, given the likelihood of signifi cant limb 
length discrepancies, need for walking aids and 
potential for persistent pain, as well as the social 
and psychological burden. However, for elderly 
patients that already rely on walking aids or are 
wheelchair-bound, have compromised immune 
systems or a limited life expectancy, resection 
arthroplasty may be the best option. 

 Alternatives to the resection arthroplasty 
would include preserving the joint and treating 
the patient with chronic antibiotic suppression, a 
prosthesis with antibiotic laden polymethyl 
methacrylate (PROSTALAC) or amputation.  

    Surgical Technique 

 Girdlestone’s original technique included fi rst a 
lateral approach to the hip via a transverse skin 
incision [ 1 ]. Next, gluteal muscles were resected 
from the ilium proximal to the acetabulum 
through transverse deep incisions, and then the 

superolateral rim of the acetabulum was resected. 
The proximal femur was then resected, the 
greater trochanter was removed fi rst, then the 
femoral neck osteotomy was made at the intertro-
chanteric ridge and the femoral head and neck 
were removed. 

 The original technique described by 
Girdlestone, unfortunately, does not allow for 
functional hip stability due to removal of the 
abductor musculature. Many modifi cations have 
therefore been made over the years to retain the 
greater trochanter and abductors to provide better 
hip stability and function with resection. 
Preserving the abductor musculature and proxi-
mal bone also allows for possible future hip 
replacement and joint stability. Girdlestone 
described removing the lateral rim of the acetab-
ulum as well to prevent bony impingement from 
the resected femur; however, if future reconstruc-
tion with total hip replacement is a possibility, it 
should be retained. Some authors have recom-
mended soft tissue interposition between the 
acetabulum and the remaining femur in order to 
facilitate a pseudoarthrosis, but others have 
reported good results without this [ 8 ,  9 ]. A com-
plete synovectomy, in addition to removal of all 
components and extensive irrigation should be 
performed routinely. An extended trochanteric 
osteotomy is often utilized to facilitate femoral 
stem and cement removal and to prevent femoral 
shaft fracture, but may lead to trochanteric non- 
union. Postoperatively, patients were originally 
placed in skeletal traction for 3–6 weeks followed 
by limited weight bearing for 6–8 months to try 
to limit leg shortening and external rotation con-
tracture, but this doesn’t show evidence in the 
literature to provide any functional or subjective 
difference.  

    Results of Resection Arthroplasty 

 The results of resection arthroplasty for a pros-
thetic joint infection are exceptionally good when 
they are measured by the eradication of infection 
for the patients. The primary goal of resection 
arthroplasty for an infected total hip arthroplasty 
(THA) is eradication of infection for pain relief 
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and preventing potentially fatal complications 
from systemic sepsis (Figs.  17.1a, b  and  17.2a, 
b ). Most studies report >90 % success by this 
measure. Although removal of all foreign mate-
rial is expected to improve infection treatment 
results, several published studies have reported 
no signifi cant correlation in eradication rates in 
those patients with retained cement [ 10 ]. Kantor 
did show a signifi cant difference in a 1986 study, 
with 59 % of hips with persistent infection hav-
ing retained cement versus 33 % that did not [ 11 ]. 
Most surgeons advocate removal of all foreign 
material. These results are predictable and have 
been reported by numerous authors.

    If the success of the procedure is measured by 
pain relief, patient function or ambulation and 
patient satisfaction, then the results are signifi -
cantly worse compared to a one- or two-stage 
reimplantation. Pain relief after resection arthro-
plasty isn’t entirely predictable. The intractable, 
unrelenting pain of the hip that is not infrequently 
associated with the prosthetic joint infection 

should logically be improved when this infection 
has been eradicated as the result of surgical 
debridement, removal of the prosthesis and exci-
sion of infected and necrotic tissue. Unfortunately, 
after resection arthroplasty the hip may be pain-
ful because of other factors including articulation 
of two irregular surfaces (the proximal intertro-
chanteric area and remaining acetabular bone), 
muscle pain and spasm as the pelvic musculature 
contracts to maintain hip stability, alignment and 
function or because of other poorly understood 
causes of pain. Bourne et al. determined pain 
relief was common after resection arthroplasty 
for prosthetic joint infection [ 2 ]. Of the 33 
patients he and his authors followed for 3–13 
years, 30 were free from pain or satisfi ed with 
their relief from pain because of the surgical 
procedure. 

 Ballard reported on 27 patients with 29 resec-
tion arthroplasties for infected THA. Eight 
(29.6 % of patients) had no pain at all, 14 
(51.9 %) had pain only with fatigue, three 

a b

  Fig. 17.1    ( a ,  b ) This patient was an 86-year-old female 
nearly 16 years status post left total hip arthroplasty. She 
suffered from numerous chronic medical conditions 
including non-Hodgkin’s lymphoma, diabetes mellitus 
and congestive heart failure. On presentation she reported 
greater than 18 months of hip pain and had been non- 
ambulatory for 6 months. Twelve months prior to presen-
tation, she was admitted to the hospital following a 
ground-level fall and was found to be bacteremic. She was 
treated with a prolonged course of parenteral antibiotics 
and then transitioned to oral antibiotics. She was still tak-
ing oral antibiotics. Other remarkable surgical history 

included bilateral total knee arthroplasties. She had been 
wheelchair-dependent for 6 months and reported severe 
hip pain and fatigue. Her primary care physician was con-
cerned she had a prosthetic joint infection that was failing 
antibiotic suppression. Her pelvic and left hip radiographs 
are shown in Fig.  17.1a, b . She had severe osteolysis and 
a fractured cement mantle. Following a long discussion 
about treatment options with the patient, her children and 
her primary care physician, it was felt she was a poor can-
didate for a complex, two-staged reconstruction of her left 
hip and she elected to have a resection arthroplasty of her 
left hip       
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(11.1 %) had pain only with weight bearing, and 
only two patients (7.4 %) had pain with sitting or 
in bed. Their functional status was also more 
promising. One patient walked without any 
assistive device, four patients reported unlimited 
walking distance ability and the average walking 
distance limitation was 2.9 blocks. Only one 
patient was limited to household ambulation and 
no patients changed occupational status as a 
result of the surgery. The postoperative average 
Iowa Hip Rating score was 76; 72 % said they 
were satisfi ed with the result; and 59 % actually 
felt they were better at this point compared to 
before the index arthroplasty [ 10 ]. 

 A recent report by Barbaric et al. who studied 
53 resection arthroplasties also performed for 
prosthetic joint infection had confl icting results 
[ 12 ]. Seven of the patients died and 22 had pain 
or were dissatisfi ed. It’s not possible to separate 
the causes of the patients’ dissatisfaction based 
on this report but the 42 % of dissatisfi ed patients 
is remarkable. The results of the studies are 

 strikingly dissimilar as other authors report relief 
of pain for the majority of their patients (70–
80 %) (Table  17.2 ).

   Failure to restore function and leg length 
inequality resulting in instability are the greatest 
problems of resection arthroplasty. Essentially all 
patients will require the use of a walking aid such 
as a crutch or a walker and a lift of their shoe to 
help equalize the leg length so that this extremity 
can be used for balance and support. 

 A more alarming result of resection arthro-
plasty is the mortality of the patients who are 
candidates for the procedure. A recent report of 
frequent repeat surgeries, high complication risk 
and mortality can be attributed to the patients 
who are candidates for the procedure. Unlike 
Bourne’s et al. population of patients from the 
1970s and 1980s, recent reports fi nd that these 
patients are older and have more comorbidities. 
Malcolm’s population was 5–10 years older than 
the typical primary total hip arthroplasty patients 
with a very high Charlson comorbidity index 

a b

  Fig. 17.2    ( a ,  b ) This patient presented with a chronic 
infection of the left hip, as seen in Fig.  17.1a, b . Following 
a resection arthroplasty her wound healed, her pain was 
signifi cantly improved, and although she was wheelchair- 

dependent, she appeared clinically infection-free. 
Postoperative radiographs demonstrated a stable resection 
arthroplasty       
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(CCI) of 6.6. One study of primary total hip 
arthroplasty reported a CCI of 0 and a second 
study found a CCI of less than 3 in 93 % of the 
patients. Death of the patient in one series 
occurred on an average of 26 months after resec-
tion and was also associated with male gender 
and the increase in number of comorbidities 
(P = 0.01 and P = 0.04).  

    Alternatives to Resection 
Arthroplasty 

 The role of chronic suppression using antibiot-
ics for patients with a prosthetic joint infection 
has not been well defi ned. The countless factors 
contributing to the decision to use antibiotics to 
suppress the infection or to perform an opera-
tion are related to the health of the patient, the 
risk of surgery, the antibiotic’s effectiveness for 
a particular bacteria and the complexity of the 
surgery. The early reports of suppressive antibi-
otics associated the use of antibiotics with surgi-
cal debridement. The combination of surgical 
debridement and antibiotics was effective in 
more than half of the patients [ 18 ]. Since the 
report by Goulet et al., most studies anecdotally 
include a very small number of patients who 
have been managed with long-term suppressive 
antibiotics. A 2003 study by Rao evaluated 36 
patients with infected arthroplasties that under-
went surgical irrigation and debridement and 
parenteral antibiotics followed by oral antibiotic 
suppressive therapy. The mean duration of ther-
apy was 52.6 months (range 6–128). Three 
patients discontinued antibiotics on their own 
and remained asymptomatic. Five patients dis-
continued antibiotics due to clinical failure. All 
fi ve failures had  Staphylococcus  infections. The 
remaining 31/36 (86 %) were successfully pain 
free and had well-functioning prostheses at 
mean follow-up of more than 60 months (range 
16–128 months) [ 19 ]. Other recent studies have 
shown more promising results in treatment of 
bone and joint  Staphylococcus  infections by 
adding oral rifampin, oral linezolid or with once 
weekly IV teicoplanin infusions [ 20 – 22 ]. 
However, in patients that are healthy enough to 

tolerate a revision surgery, exchange arthro-
plasty remains the recommended treatment over 
chronic suppression at this time.  

    Prostalac Implants and Local 
Antibiotic Delivery 

 The fi rst stage of treatment for a prosthetic joint 
infection is thorough debridement, prosthetic 
joint removal and excision of the infected and 
necrotic tissue. The procedure is typically com-
pleted by placement of a prosthesis laden with 
antibiotic-impregnated polymethylmethacrylate. 
The femoral and acetabular components are 
laden with high doses of antibiotics (10–12 g of 
tobramycin and vancomycin) [ 23 ]. Occasionally 
if the patient’s symptoms resolve, the implant 
may be defi nitive and allow the patient to be free 
of infection and pain with acceptable 
ambulation.  

    Amputation 

 In rare circumstances a hip disarticulation is 
required to treat a severe soft-tissue infection. 
Hip disarticulation is most commonly performed 
for malignant tumors, limb ischemia, and severe 
trauma [ 24 ]. While several authors have reported 
successful prosthetic rehabilitation in patients 
with a hip disarticulation, most studies are small 
cohorts and mix all indications (malignancy, 
trauma, and infection) [ 25 ,  26 ]. Hip disarticula-
tion for infection is usually considered only after 
failure of numerous previous hip operations. The 
high rate of major complications and death also 
discourage the use of amputation for chronic 
prosthetic hip infections.  

    Conclusion 

 While it is likely one can achieve a functional 
result with infection eradication and decent 
ambulatory ability after resection arthroplasty 
for failed THA infection, the risk of complica-
tions and mortality is high. Indeed, the role 
and indications for resection arthroplasty are 
limited and it is typically reserved as a last 
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option. This small subset of patients that cur-
rently present as candidates for this treatment 
are often severely medically compromised 
and frail.     
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    Abstract  

  Acute post-operative infections occur within fi rst 6 weeks after surgery 
and are challenging to diagnose due to the heightened infl ammatory state 
of normal healing. Wound erythema, fevers, and swelling may be expected 
fi ndings in the early postoperative period and can be diffi cult to differenti-
ate from infection, deep venous thrombosis, or other diagnoses. The fi rst 
step in determining an accurate diagnosis is avoiding the administration of 
antibiotics until an appropriate evaluation for periprosthetic joint infection 
(PJI) has been performed. 

 Recent work has shown that the serum C-reactive protein (CRP), while 
normally elevated in the early postoperative period, is an excellent screen-
ing test for identifying deep infection. Specifi cally, a serum CRP of greater 
than approximately 100 mg/L (normal <10 mg/L) has been shown to be an 
excellent screening test in the fi rst 6 weeks postoperatively. If there is any 
question regarding an early infection, a serum CRP is obtained and if 
above or near this value, an arthrocentesis should be performed. The syno-
vial fl uid white blood cell count (WBC) and differential have been shown 
to be the best tests in the early postoperative period, albeit at threshold 
levels that are higher than those used for diagnosing chronic PJI. While in 
the setting of chronic PJI the typical threshold for the synovial fl uid WBC 
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count and differential is 3000 WBC/uL and 80 %, in the early postopera-
tive period we utilize thresholds of greater than 10,000 WBC/uL and a 
differential of greater than 90 %. If the diagnosis is still unclear, cultures 
obtained from the aspirated fl uid can be observed to confi rm or refute the 
diagnosis of PJI.  

  Keywords  

  Acute infection   •   Periprosthetic infection   •   Postoperative   •   Serology   • 
  Biomarkers   •   Wound   •   Drainage   •   Synovial WBC   •   ESR   •   CRP  

      Introduction 

 Joint replacement is one the most widely-used 
surgical procedures in medicine and has high suc-
cess rates and tremendous benefi ts to the well- 
being of a large patient population. More than two 
million cases of hospital-acquired infection are 
reported annually in the United States, with more 
than half associated with implants [ 1 ]. 
Periprosthetic joint infection (PJI), one of the 
most dreaded complications in orthopedics, often 
results in repeat surgeries, patient distress and dis-
ability, increased cost and utilization of medical 
resources [ 2 ,  3 ]. Half a century ago, Sir John 
Charnley considered the 7 % rate of infection 
unacceptable – yet, to date, that incidence has 
only dropped to 1–2 % [ 4 – 6 ]. As far back as 1989, 
the annual cost of infection exceeded $200 mil-
lion dollars [ 7 ]. More recent data shows that joint 
revisions due to infection cost more than $50,000 
per case. Financial analysis estimates that as little 
as 1 % decrease in revision rate for total joint 
arthroplasty would save as much as $211 million 
in US health care costs [ 8 ]. Considering the costs 
of revisions, the additional hospital time and dis-
ability and the loss of the work force due to sick 
leave, the costs of periprosthetic infection easily 
surpasses one billion dollars.  

    Diagnosis of Acute Infection 

 Despite extensive progress, the diagnosis of peri-
prosthetic infection remains elusive with no “per-
fect” test for PJI. Laffer et al. [ 9 ] proposed that 
45 % of infections present early, 23 % delayed, 

and 32 % represent late infections [ 10 ]. Fulkerson 
et al. [ 11 ] reviewed 146 patients, with 70 % of 
infection cases being chronic, 17 % acute postop-
erative, and 13 % acute hematogenous. Infection 
originates from bacterial contamination of the 
implant either during surgery, or later through 
hematogenous transfer or local dissemination 
[ 12 ]. Attention to the timing of initial clinical pre-
sentation can divide infections into either acute 
postoperative, acute hematogenous, or chronic, 
with each having their own diagnostic challenges 
[ 13 ,  14 ]. Diagnosis in the early postoperative 
period is particularly diffi cult as symptoms are 
short lived or confused with normal healing. 

 The American Academy of Orthopaedic 
Surgeons (AAOS) proposed a set of diagnostic 
guidelines for the diagnosis of periprosthetic 
infection in 2011 [ 15 ]. The recommendations 
rely on a consensus workgroup and form a frame-
work for decision making in cases of suspected 
PJI. The decisions are stratifi ed based on the risk 
and probability of infection. All patients that are 
evaluated for possible periprosthetic infection 
should have a physical exam, appropriate imag-
ing, and infl ammatory markers including eryth-
rocyte sedimentation rate (ESR) and C-reactive 
protein (CRP). Positive values merit an aspiration 
for further evaluation.  

    Risk Factors for Acute Infection 

 Peel et al. [ 16 ] looked at the predictive risk 
 factors for prosthetic hip and knee infection 
according to the arthroplasty site. They identify 
63 patients over an 8-year period with 36 infected 
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hips and 27 infected knees. Certain comorbidities 
increase the risk of infection. Obesity is associ-
ated with a three-fold increased risk of infection 
in total hip patients [ 17 ], with every 1 kg/m 2  
increase in body mass index resulting in a 10 % 
increased risk of prosthetic hip joint infection. 
Rheumatoid arthritis, diabetes mellitus, obesity, 
sickle cell disease, psoriasis, poor nutrition and a 
compromised immune system, as well as previ-
ous surgeries in the affected limb, are often linked 
to higher risks of implant associated infection [ 7 , 
 18 – 20 ]. Rheumatoid arthritis is associated with a 
2.6-fold increase in infection rates compared to 
uncomplicated osteoarthritis [ 21 ]. Revision sur-
geries lead to an almost three-fold increase in 
infection risk [ 22 ,  23 ]. Patients with a postopera-
tive surgical site infection had up to a 36-fold 
increase in the risk of the subsequent develop-
ment of PJI [ 16 ]. These data allow surgeons to 
assess the pre-test probabilities of infection and 
provide the necessary support for a diagnosis. 

 It is common for patients to have several pros-
thetic joints, which raises the question of cross-
contamination and subsequent infection at 
different sites, as well as the predictive value of 
previous PJI. Over 50 % of total knee patients and 
40 % of total hip arthroplasty patients have an 
additional total hip or knee artifi cial joint [ 24 ]. 
Murray et al. [ 25 ] ,  in a retrospective review of 159 
joint replacements in 68 patients with PJI, found 
that patients presenting with PJI have a 15 % risk 
of infection at a second site. Recent systemic 
infections increased the risk of infection at the site 
of other joints. Over 80 % of infections at other 
sites occurred within the fi rst year after the fi rst 
infection suggesting a possible common etiology. 

 Previous PJI also increases the risk of infec-
tion in future total joint arthroplasties. Bedair 
et al. [ 26 ], in a retrospective matched cohort 
study, reviewed 90 patients who had a history of 
a successfully treated PJI and subsequently 
underwent another total joint. The relative risk of 
developing an infection in a subsequent total 
joint was 21, signifi cantly higher than patients 
with no such history. These results align with the 
work of Cierny et al. [ 27 ] and McPherson et al. 
[ 28 ], with the host playing an important role in 
severity and thus classifi cation of infection. The 

organism is also important, as Bedair et al. [ 26 ] 
identifi ed Staphylococcal species having a 4.26 
relative risk of causing a second infection com-
pared to other infecting organisms. Recent intra-
articular cortisone injections before arthroplasty 
surgery may also increase infection rates in total 
joints. A review of 224 primary total hip patients 
with a cortisone injection within 1 year of the 
arthroplasty surgery found a hazard ratio of 3 for 
PJI, with infected joints having had an injection 
within 44 days from surgery [ 29 ]. 

 Infection associated with surgical contami-
nation manifests within 6–12 weeks from sur-
gery [ 30 ,  31 ]. The importance of surgical 
contamination is documented by an infection 
rate of 1–5 % that drops to less than 0.5–1 % 
using modern prophylactic measures including 
pre- operative antibiotics and improved attention 
to sterility [ 22 ,  32 ,  33 ]. Surgeon experience 
[ 34 ,  35 ], antibiotic timing and dosing, surgery 
duration (especially if over 2.5 h), operating-
room traffi c, and the complexity of reconstruc-
tion are all important factors determining the 
probability of infection [ 7 ].  

    Patient Presentation 

 Any patient presenting with concerning symptoms 
including fevers, drainage, or progressive pain 
associated with a total joint should be ruled out for 
infection. Establishing the diagnosis of infection 
in a patient with an exposed implant or a draining 
sinus is simple and does not require extensive 
workup. This can occur in acute post-operative 
infections with complete wound breakdown. 

 The question of culturing either the wound 
or draining sinus for a microbiological diagno-
sis is controversial with the current consensus 
recommending against it [ 36 ]. Surgeons are 
concerned regarding the reliability of superfi -
cial sampling, presence of contaminants, and 
the diagnostic validity of the test. Mousa et al. 
[ 37 ] in a prospective review of 55 patients with 
bone infections, found an 88.7 % correlation 
between the sinus tract and bone cultures, 
showing 95.7 % specifi city and a 90.3 % pre-
dictive value. Very few authors have looked at 
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the correlation between sinus or wound culture 
and the operative results in total joints. Cune 
et al. [ 38 ] examined 56 patients, including 30 
hips and 26 knees. Superfi cial wound cultures 
were taken at admission and compared to intra-
operative cultures during debridement. The cul-
tures showed concordance in 80.3 % of cases, 
and there was no signifi cant difference between 
hips and knees. Superfi cial swabs were 93.7 % 
sensitive at picking up S taphylococcus aureus , 
90 % sensitive for gram-negative bacilli, but 
only 50 % sensitive and non-specifi c for other 
gram- positive microorganisms. Tetreault et al. 
[ 39 ] reviewed 55 patients with a draining 
wound or sinus after total joint arthroplasty 
with a equal distribution of hips and knees. All 
patients were off antibiotics at the time of eval-
uation. Unfortunately, only 47.3 % of superfi -
cial cultures correlated with deep cultures. The 
superfi cial cultures were typically polymicro-
bial, which would have resulted in an antibiotic 
regimen change in 41.8 % of cases. More 
importantly, superfi cial cultures yielded micro-
bial growth in 80 % of cases deemed negative 
for deep infection. The authors thus recom-
mend against wound or sinus swabs for diagno-
sis due to possible overtreatment. 

 The patient should be asked about wound heal-
ing and any history of drainage or delayed heal-
ing, as well as the presence of any other wounds. 
A general as well as focal exam can help differen-
tiate between mechanical complains and more 
generalized pain. An infected knee joint may 
present with swelling, warmth, as well as limited 
range of motion. Subclinical infections are also 
possible, with limited clinical manifestations. A 
cellulitis is diffi cult to differentiate from a deep 
joint infection. Nevertheless, a high index of sus-
picion should be maintained, and additional stud-
ies should be entertained to rule out PJI.  

    Post-operative Complications 

 Post-operative fevers and swelling are probably 
the most frequent signifi cant complaints outside 
of pain. As many as 50 % of patients after total 

joints may experience a febrile response, which 
sometimes leads to concerns of infection and 
prompts extensive workup [ 40 ]. Postoperative 
fever workup often delays discharges and 
provides an unnecessary burden on the cost of 
healthcare [ 41 ]. Fever can be a normal response 
to surgical intervention, but fever can also 
represent a manifestation of infection, pneumonia, 
or deep venous thrombosis. 

 The differential is further complicated by the 
variable serology and exam. Shaw et al. [ 42 ] 
evaluated 100 patients who underwent total hip 
arthroplasty and 100 patients after total knee 
arthroplasty, suggesting fevers in the immediate 
postoperative period as a normal infl ammatory 
response with no signifi cant correlation with late 
deep infection. As expected, revision surgeries 
tend to mount a higher fever curve. Athanassious 
et al. [ 40 ] evaluated 341 patients after total joint 
arthroplasty and found that 36 % of the cohort 
showed fevers after surgery. Only 16 % of those 
with fevers had a positive urinalysis but 
subsequently all patients had negative urine 
cultures. All patient records were reviewed at 1 
year after the index procedure and no deep 
infections were documented. Nevertheless, 
others suggested fevers to be a fi nding of 
atelectasis, hematoma, wound infection, urinary 
tract infection, and fat emboli – all complications 
with signifi cant mortality and morbidity [ 43 ]. 

 Blood cultures are often part of the workup. 
Bindelglass et al. [ 41 ] studied 453 patients with 
blood cultures drawn in the setting of infection 
and total joint arthroplasty. Blood cultures were 
obtained for persistent fever, at least 2 readings 
greater than 101 F. Only two patients had positive 
blood cultures and an infectious disease 
consultation deeming them contaminants with no 
management and no subsequent development of 
active infection. An appropriate clinical exam 
and history taking can elucidate an appropriate 
differential and limit reliance on fever as a single 
marker of disease. The current clinical thinking 
suggests that post-operative pyrexia without 
specifi c physical examination fi ndings should not 
trigger further workup and has very poor 
correlation with infection [ 44 ]. 
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 Fever and a draining wound are signifi cantly 
more concerning. The incidence of superfi cial 
wound infection progressing to deep peripros-
thetic infection is diffi cult to assess. Limited soft 
tissue coverage makes a wound complication 
much more concerning in a total knee compared 
to total hips [ 45 ]. Gaine et al. [ 46 ] reviewed 530 
patients with either total hip or total knee arthro-
plasty and found an over 15 % rate of wound com-
plications. Six patients had deep wound infections 
that required operative debridement and two 
patients required removal of prosthesis. The rate 
of post-operative infection ranges from 1.3 to 
50 % in patients with persistent wound drainage 
[ 47 ,  48 ]. Post-operative drainage correlates to 
body mass index and type of anticoagulation 
used. Each day of prolonged drainage is associ-
ated with up to 42 % increased risk of wound 
infection in total hip patients and 29 % increase in 
the risk of postoperative infection in total knee 
patients [ 49 ]. Ultimately, deep wound infections 
have been shown to highly correlate to superfi cial 
surgical site infection [ 50 ], but they are a poor 
predictor of ongoing problems or periprosthetic 
infection at 1 year post-surgery [ 51 ]. As such it is 
very diffi cult to make a diagnosis of infection dur-
ing the early post-operative period. Wound com-
plications in themselves do not confi rm the 
presence of deep infection, and additional studies 
are often required to defi ne a diagnosis.  

    Serology 

 Serology can help further stratify patients at risk 
of periprosthetic joint infection. Infl ammatory 
markers have a well-characterized curve in the 
post-operative period. Bilgen et al. [ 52 ] describe 
the normal distribution of C-reactive protein 
(CRP) and erythrocyte sedimentation rate (ESR) 
in total hip and total knee patients. The highest 
CRP levels were recorded on day 2 after surgery, 
with a rapid decrease over the fi rst 3 weeks, and 
return to normal by the end of the third month. 
Total knee patients tend to express a higher CRP 
production compared to total hip arthroplasty 
patients during the fi rst post-operative week after 

which the difference is insignifi cant [ 53 ]. Mean 
ESR levels were the highest on day 5 after sur-
gery and show a rapid decrease over the fi rst 
month but remain elevated compared to pre-oper-
ative levels even at 1 year after surgery. CRP lev-
els thus react more rapidly and are likely more 
helpful in following the infl ammatory response 
after surgery. More importantly, CRP response is 
not correlated with type of anesthesia, estimated 
blood loss, operative time, transfusions, medica-
tions, age, or gender [ 54 ]. As such, any late rever-
sal of downtrend should raise suspicion and be 
concerning for infection or other process. 

 The value of ESR and CRP can be diffi cult to 
interpret in the early post-operative period. 
Bedair et al. [ 55 ] reviewed 11,964 primary total 
knee arthroplasties and identifi ed 146 with an 
aspiration within 6 weeks from surgery. Infection 
was diagnosed in 19 of the 146 knees by positive 
cultures or gross purulence. While the mean CRP 
was signifi cantly higher among patients with PJI, 
the ESR values were not different between the 
infected and non-infected groups. This discrep-
ancy may be related to the fact that the CRP nor-
malizes faster compared to ESR, which would 
still be elevated early post- operatively. A cutoff 
value of 95 mg/L (normal <10 mg/L) provides a 
negative predictive value of 91 %, thus helpful in 
ruling out infection. 

 Similarly, Yi et al. [ 56 ] reviewed 6033 consecu-
tive primary total hip arthroplasties, identifying 36 
patients with a deep infection within 6 weeks from 
surgery based on the MSIS criteria. In contrast to 
the work by Bedair et al., signifi cantly higher ESR 
values were observed in the infected compared to 
the non-infected cohorts. While an ESR cutoff of 
44 mm/h showed 92 % sensitivity, the specifi city 
was only 53 %. The ESR differences were small 
compared to a dramatic difference in CRP in the 
infected cohort. Using 93 mg/L as the cutoff for 
CRP leads to 88 % sensitivity and 100 % specifi c-
ity for periprosthetic infection. This cutoff has an 
83 % negative predictive value. Based on these 
two works, CRP is the most helpful serological 
value in diagnosing infection within fi rst 6 weeks 
after surgery. Values near or above 93–95 mg/L 
prompt an aspiration of the joint.  
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    Joint Aspiration 

 Joint aspiration is considered a key test for the 
diagnosis of PJI in the setting of a chronic infec-
tion with the synovial fl uid WBC count, differen-
tial and cultures all being useful to establish the 
diagnosis. The MSIS has determined that a cut-off 
value of 3000 WBC/uL and a differential of 
greater than 80 % polymorphonuclear cells is sug-
gestive of PJI. In the early postoperative period, 
however, one would expect these values to be 
elevated given infl ammation and an expected 
hematoma around the wound. 

 To determine the value of the synovial fl uid 
WBC count and differential within the fi rst 6 
weeks postoperatively, Bedair et al. [ 55 ] reviewed 
11,964 primary total knee arthroplasties in 9826 
patients. As previously described, all knees were 
aspirated based on physical exam and concerning 
signs including drainage, fever, erythema, effu-
sion, and the new onset of pain. The synovial fl uid 
WBC count was the best test for the diagnosis of 
infection in the early post-operative period. Most 
patients diagnosed with infection had a WBC 
count of greater than 10,700 cells/uL. Most non-
infected patients had a WBC count of less than 
27,800 cell/uL. Using 10,700 cell/uL as a thresh-
old for diagnosis of infection yielded a 95 % sen-
sitivity and 91 % specifi city. Using 27,800 cell/uL 
as a threshold for diagnosis yielded a 84 % sensi-
tivity but 99 % specifi city. A synovial fl uid poly-
morphonuclear cell percentage higher than 89 % 
had a 84 % sensitivity and 69 % specifi city. The 
authors did examine if the synovial fl uid WBC 
count needed to be “corrected” for the red blood 
cells often present in an aspiration in the early 
postoperative period (secondary to an expected 
postoperative hematoma) and found that this cor-
rection was not necessary. 

 Similarly, Yi et al. [ 56 ] reviewed 6033 primary 
total hip arthroplasties with 36 hips reoperated for 
periprosthetic infection. Compared to the non-
infected cohort, the mean preoperative serum 
ESR, CRP, as well as synovial fl uid WBC count 
and %PMNs were all signifi cantly higher in the 
infected group. ROC analysis supported the syno-
vial WBC count as the best test for the diagnosis of 
acute infection, with a cutoff value of 12,800 cells/

uL. This cutoff was associated with 89 % sensitiv-
ity and 100 % specifi city with an 88 % negative 
predictive value for infection. The average value 
of synovial WBC was 84,954 WBC/uL in the 
infected group compared to 2391 in the non-
infected group. A synovial fl uid polymorphonu-
clear cell percentage higher than 89 % had a 81 % 
sensitivity and 90 % specifi city. Interestingly, if 
using a traditional cutoff value of 80 % for poly-
morphonuclear cell percentages, more than one-
third of the patient population would be diagnosed 
with infection. Nevertheless, PMN% can be a 
good secondary test when the synovial fl uid WBC 
count is close to but not clearly above or below the 
recommended cut off value. 

 In cases where the diagnosis is still unclear, 
the clinician can also observe the results of 
cultures obtained at the time of aspiration. It is 
important to keep in mind, however, that the 
administration of antibiotics is highly discouraged 
if an acute postoperative infection has been 
suspected until an appropriate evaluation for PJI 
has been performed as described above. The 
indiscriminate use of antibiotics only clouds the 
diagnosis. Even though there is no clearly defi ned 
effect of antibiotic administration on serologic 
tests and synovial fl uid analysis, there is a clear 
detrimental effect of antibiotics on the results of 
synovial fl uid cultures.  

    Future Tests 

 New tests are being explored to improve the 
diagnosis of infection. Biomarkers provide an 
easy and rapid test but current methods lack sen-
sitivity and specifi city in the stetting of acute 
infection. In addition to the clinically available 
alpha defensin, other potential markers include 
interleukin-6 (IL6), neutrophil elastase 2 
(ELA2), bactericidal-permeability increasing 
protein (BPI), neutrophil gelatinase-associated 
lipocalin (NGAL), lactoferrin, and leukocyte 
esterase. Berbari et al. [ 57 ], in a metanalysis, 
reviewed 2909 revision total hip and knee arthro-
plasties with 32.5 % infection, identifying inter-
leukin-6 as most predictive for infection, 
followed by CRP and ESR. 
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 Parvizi et al. [ 58 ] and Deirmengian et al. [ 59 ] 
have explored simple and rapid diagnostic 
methods for effectively detecting periprosthetic 
infection. Using urinary test strips often used for 
detection of pyuria were used in the setting of 
joint aspiration with good results. Leukocyte 
esterase is an enzyme secreted by neutrophils 
that have been recruited to the site of infection. A 
colorimetric strip tests for this enzyme with 
results available within seconds. In a study of 108 
total knees undergoing revision arthroplasty, 
leukocyte esterase test strips were 80.6 % 
sensitive and 100 % specifi c in predicting 
infection when using culture as the gold standard 
58. Similarly, Omar et al. [ 60 ], in a prospective 
study of 146 joints, found leukocyte esterase to 
be 89.5 % sensitive and 99.2 % specifi c. 
Nevertheless, the test may be technically diffi cult 
as any blood or other contaminant may obscure 
the colorimetric reading and centrifugation may 
be required to clarify the result [ 61 ]. While these 
results are exciting as they offer a test that is 
effective, rapid, and easily available in the offi ce, 
this test has not been validated in the acute 
postoperative period. 

 Attempting to capture a larger group of 
markers elevated in septic conditions, 
Deirmengian et al. [ 59 ] screened 43 different 
biomarkers, identifying alpha defensing, ELA-2, 
BPI, NGAL, and lactoferrin as 100 % sensitive 
and 100 % specifi c using the MSIS criteria for 
infection as the gold standard. Furthermore, they 
have shown that the results were superior to other 
available markers, including leukocyte esterase 
[ 62 ]. The effectiveness of these markers in acute 
post-operative infection has not been established 
or described [ 63 ].  

    Conclusion 

 The diagnosis of an acute postoperative infec-
tion can be particularly challenging as normal 
postoperative pain and wound healing can be 
diffi cult to differentiate from PJI. Based on the 
work of Bediar et al. [ 55 ] and Yi et al. [ 56 ], we 
recommend a serum CRP in all cases where 
an acute postoperative infection is suspected. 
Serum CRP values approaching or above 
100 mg/L (normal <10 mg/L) should prompt 

an aspiration of the joint with the fl uid 
obtained sent for a synovial fl uid WBC count, 
differential and culture. A synovial WBC 
count >10,000 cells/uL and PMN% >90 % 
[ 64 ] are considered concerning for PJI.     
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      Irrigation and Debridement 
with Component Retention                     

     Myra     Trivellas      and     Michael     B.     Cross     

    Abstract  

  A periprosthetic joint infection is a devastating complication after total 
joint arthroplasty. While patients with a chronic infection are treated with 
one-stage or two-stage revision, some patients with an acute infection may 
be treated with irrigation and debridement with component retention. The 
purpose of this chapter is describe the indications, contraindications, sur-
gical technique and published results on irrigation and debridement with 
polyethylene liner exchange and component retention.  

  Keywords  

  Acute   •   Periprosthetic joint infection   •   Irrigation and debridement   • 
  Component retention   •   Outcomes  

      Introduction 

 Debridement has been a key aspect of the treat-
ment of infection in orthopedics since before 
World War I. The term initially meant the drain-
age of a wound to remove foreign material and to 
release pressure. Originally derived from the 

French word  débrider,  the unbridling of a horse 
[ 1 ], the association with the French  débriser , 
from which the word debris is derived, allowed 
for the technique’s modern connotations to 
expand. As the theory of infection and contami-
nation of wounds advanced, the word debride-
ment evolved to the now recognized meaning of 
“the aseptic excision of all devitalized tissue” [ 2 ]. 
A substantial, quality debridement today is 
acknowledged to be the foundation of a success-
ful treatment of a deep infection after an ortho-
paedic procedure. 

 Managing PJI is challenging due to the 
aggressive nature of bacterial inoculation and 
spread, as well as the bacterial biofi lm. 
Irrigation Debridement and Component 
Retention (IDCR) is a  relatively  conservative 

        M.   Trivellas ,  BS    
  Department of Biomechanics ,  Hospital for Special 
Surgery ,   New York ,  NY ,  USA     

    M.  B.   Cross ,  MD      (*) 
  Department of Adult Reconstruction Joint 
Replacement ,  Hospital for Special Surgery , 
  New York ,  NY ,  USA   
 e-mail: crossm@hss.edu  

  19

mailto:crossm@hss.edu


222

surgical option that provides the surgeon with 
access to the joint space to clean out the infected 
tissues and exchange the modular components, 
while still allowing the patients to retain the 
primary implants fi rmly fi xed to their bone. 
Balancing the desire to clear the infection 
quickly and completely, while recognizing the 
additional risks and recovery required from 
added surgeries, is paramount in the approach 
to treating PJI. IDCR is a procedure that limits 
the morbidity associated with explantation, 
while still allowing for access to the deep joint 
space to adequately treat and debride an acute 
infection. The ultimate goal of treatment is still 
to eradicate the infection and achieve a pain-
free, functional joint. Appropriate care involves 
both surgical and medical therapies and an 
invested team monitoring progression and 
improvement. Surgical options beyond IDCR 
for a PJI include one-stage and two-stage revi-
sion. This chapter will review irrigation and 
debridement with component retention (IDCR) 
as a treatment for an acute periprosthetic joint 
infection (PJI), and will discuss the advantages 
and disadvantages of IDCR, the indications and 
contraindications, and the success and reported 
outcomes.  

    Pros of IDCR 

 When comparing options for surgical treatment of 
PJI, IDCR is an attractive choice due to the lower 
morbidity associated with the procedure. First, 
the procedure is bone preserving, saving the 
patient from the bone loss associated with the 
removal of implants and preparation of the bony 
surfaces for re-implantation. Successful IDCR 
also reduces hospitalization time, immobility, and 
physical/emotional discomfort, the psychological 
implications of which cannot be underestimated. 
Further, the technical demands of IDCR are lower 
than one or two stage revisions that would require 
removal of implants, and as a result, the health-
care costs are notably decreased. With the chang-
ing healthcare climate, these are highly relevant 
considerations, provided successful eradications 
results can be obtained.  

    Cons of IDCR 

 Most importantly, the success rate with IDCR is 
less than that of one-stage or two-stage revision 
surgeries [ 3 ]. Due to variations in treatment 
failure defi nitions and combining total knee 
arthroplasty (TKA) and total hip arthroplasty 
(THA) together, success rates for IDCR are 
largely reported 15–80 %, whereas success rates 
for two-stage revisions are generally around 
75–90 %. Signifi cant predictors of decreased 
success include more virulent organisms (e.g., 
MRSA), symptom duration as it increases beyond 
5 days (up to 4 weeks in some studies), and 
obesity [ 4 ]. Furthermore, if the initial IDCR fails 
to eradicate the infection, the subsequent two- 
stage operation also has reduced success at 
successfully treating the infection [ 5 ]. Therefore, 
although its prevalence varies in the literature, 
failure of IDCR is not uncommon and failure 
results in increased recovery time and morbidity 
with greater cost to the patient and the healthcare 
system.  

    Indications 

 The patient characteristics and the presenting bac-
teria best suited for IDCR has been characterized 
in the literature and discussed amongst interna-
tional leaders in orthopedics at the PJI consensus 
meeting in 2013. Historically, timing has been 
classifi ed into early-onset and delayed or late-
onset. The timeframe is a signifi cant factor, as it 
can dictate severity of the infection, and therefore 
categorizing the timing of the infection has previ-
ously been considered helpful in determining pos-
sible approaches to treatment. Early-onset 
infections (less than 4 weeks after surgery) are 
typically acquired during the initial arthroplasty 
and commonly result from virulent organisms, 
such as  Staph. aureus , gram- negative bacilli, 
anaerobic organisms, or mixed infections. 
Delayed and late, chronic infections present in an 
indolent fashion greater than 4 weeks after sur-
gery. They can also be acquired during primary 
arthroplasty, but are generally caused by less viru-
lent organisms, such as coagulase-negative 
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Staphylococci or Enterococci. Late haematoge-
nous infections (over 12 months after surgery) are 
classically due to seeding of the joint, of which S. 
aureus, beta-hemolytic Streptococci, gram-nega-
tive bacilli, and Enterobacteriaceae are the most 
common culprits [ 6 – 9 ]. Although these categories 
can be helpful because they suggest the microbi-
ology and pathophysiology of the infection, they 
should not be used alone to decide the fate of 
component retention. Generally, IDCR is accepted 
as a viable option for  acute  symptoms after pri-
mary arthroplasty or for late haematogenous 
spread with a short duration of symptoms [ 10 ]. 
More specifi cally, patients presenting with an 
acute infection, defi ned as either (1) less than 2–4 
weeks of acute symptoms in a previously well- 
functioning total joint arthroplasty (TJA) or (2) 
presentation within the fi rst 2–6 weeks from the 
primary TJA would be the ideal candidates for 
IDCR [ 4 ,  11 ,  12 ]. 

 Furthermore, to be a candidate for IDCR, the 
prosthesis must be well-fi xed and should be well- 
positioned. There should be no evidence of a 
sinus tract, and there should be a good soft-tissue 
envelope to cover the prosthesis. An additional 
reason to consider IDCR as the treatment of PJI 
is for those patients that are at high risk of medical 
complications if another more aggressive surgery 
was performed [ 13 ]. In a retrospective study of 
42 patients treated with IDCR, comorbidities 
specifi cally analyzed such as diabetes, 
malignancy, vascular disease, thyroid disease, 
connective tissue disease, pulmonary disease, 
smoking, psychiatric disorders, chronic liver 
disease, and stage 2 or 3 chronic kidney failure 
have not been shown to have signifi cant effects 
on IDCR outcomes [ 4 ].  

    Contraindications 

 Timing, as previously mentioned, can be 
 helpful with cut offs for indications for 
IDCR. However, various classifi cation systems 
that categorize infections based on timeframe 
of presenting symptoms alone do not have suf-
fi cient evidence to support their use as the 
guide to which infections can be treated 

 conservatively and which require more aggres-
sive management. There is a consensus that an 
infection with presenting symptoms lasting 
longer than 4 weeks is a contraindication to 
IDCR. Co-existing patient risk factors must be 
considered when evaluating whether or not a 
patient is a good candidate for IDCR. Not only 
have obesity [ 14 ] and immunosuppression 
been shown to increase the likelihood of initial 
infection after total arthroplasty, but they have 
also been shown to be independent predictors 
of IDCR failure [ 4 ,  6 ]. 

 The etiologic organism can be a contraindica-
tion to IDCR as well. Virulence of the infecting 
organism (s), which as discussed is tied to pre-
sentation timeframe, has a statistically signifi cant 
effect on successful treatment with IDCR [ 11 ]. 
An infection known to be polymicrobial, sug-
gesting a sinus tract, or due to MRSA is recog-
nized as a contraindication to IDCR due to high 
failure rates [ 6 ,  13 ,  15 ]. Other virulent infection 
etiologies shown to have high failure rates with 
IDCR are MRSE and VRE, and are best treated 
with a two-stage revision [ 16 ]. 

 Due to high re-infection rates, IDCR is also 
not recommended for fungal PJI. Fungal PJI is 
rare and has been reported to make up about 1 % 
of all PJI, nevertheless treatment requires aggres-
sive management [ 17 ]. Risk factors for fungal 
infection include immunosuppression, neutrope-
nia, and chronic or prolonged antibiotic use. 
Treatment depends on severity of the infection, 
patient medical status and existing comorbidi-
ties. Generally, resection arthroplasty is the pro-
cedure of choice to eliminate the infection, and 
is either followed by a staged re-implantation or 
arthrodesis depending on individual patient fac-
tors. IDCR has been attempted in fungal PJI; 
however, in the small populations studied retro-
spectively, reinfection rates after this procedure 
have been reported to be from 67 to 75 % [ 17 ]. 
Therefore, two-stage revision is considered the 
gold standard for treatment, as it has the poten-
tial to remove organisms sheltered in a biofi lm 
and subsequently provide function and mobility, 
once the infection has cleared [ 18 ]. The techni-
cal challenges of the extensive debridement and 
dedicated follow-up care required in these cases 
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demands an experienced surgeon and special-
ized team for proper management. 

 Additional contraindications for IDCR are as 
previously mentioned, the presence of a sinus 
tract, if the prosthesis is loose, and if there is 
inadequate closure for the wound. The patient’s 
soft tissue quality must be suitable for recovery, 
so that the local tissues remain viable and capable 
of fi ghting off infection. An open wound has the 
potential for contamination of the joint which 
will progress to chronic infection; therefore, 
IDCR should not be performed in these circum-
stances, as it will fail. With PJI after a revision 
surgery, IDCR can be considered for patients 
[ 19 ]; however, implants with long stems, or 
patients that have previously failed two-stage 
revisions are not good candidates for IDCR.  

    Pre-OP 

 Irrespective of the planned procedure in treating 
an infected joint, the approach requires a system-
atic and meticulous method to ensure removal of 
the maximum bacterial bioburden and devitalized 
tissue. As with all elective surgery, a proper IDCR 
starts with optimization of the patient before the 
operation. Time to initiate antibiotic treatment of 
an infection is crucial. However, IDCR is not con-
sidered an emergent procedure if the patient is not 
septic. The 2013 International Consensus Meeting 
on PJI advised that optimization should not be 
short-changed to emergently address the infection 
with surgery [ 13 ]. Attending to any medical 
comorbidities, that could potentially lead to com-
plications is an important fi rst step, especially 
when dealing with the likely systemic involve-
ment of a deep PJI. Notably, nutritional status, 
hyperglycemia, anemia, and any coagulopathies 
should be controlled before the patient undergoes 
an operation.  

    In the OR 

 As in primary THA and TKA, provided that the 
bacteria is known, prophylactic antibiotics can 
be given prior to surgery and should not be 

withheld due to concern over inconclusive cul-
ture results [ 20 ]. Studies have shown that peri-
operative antibiotics do not affect the ability to 
obtain accurate cultures in an infected TJA 
[ 20 ]. The only exception to this rule is culture 
negative infections. If the patient has an infec-
tion based on international consensus guide-
lines for diagnosis but negative cultures, then 
perioperative antibiotics should be held until 
adequate tissue cultures are obtained in the 
operating room. 

 With aseptic technique and using separate, 
clean instruments for each sample, surgeons 
should obtain fi ve to six cultures from the 
involved joint, tissue, and fl uid from the superfi -
cial and deep periprosthetic regions. In order to 
obtain a quality sample for anaerobic and aerobic 
cultures and post-operative directed antibiotic 
therapy, no less than three cultures from the mac-
roscopically most affected tissues should be sent 
to pathology lab [ 13 ]. In a patient with concern 
for atypical organisms such as in an immuno-
suppressed patient, notifying the lab to hold spec-
imens for special culture plating techniques using 
various enriched media for potential isolation of 
fungi can be helpful.  

    Debridement 

 Good visualization must be obtained, and a 
thorough debridement of all compartments 
should be performed. An adequate debridement 
include excision of the prior skin incision (for 
early infections), a total synovectomy, exten-
sive removal of all necrotic regions in the joint 
including the tissue in the posterior capsule, 
and drainage of any periarticular abscesses. 
However, one must still protect important struc-
tures such as the collateral ligaments of the 
knee and the periarticular muscles and neuro-
vascular structures around the hip. After 
debridement, the joint should be irrigated with 
9 L of normal saline with additional antibiotics 
(type of antibiotic depends on the hospitals 
pharmacy) added to the fl uid, using low-pres-
sure pulsatile lavage. In patients that have fas-
cial defects or deep fl uid pockets confi rmed by 
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aspiration, the fascia should be opened and all 
fl uid, purulent, edematous, or hematoma should 
be evacuated. The modular components of the 
prosthesis should be removed to gain access to 
posterior compartments (e.g., of the knee) and 
to treat all interfaces. A Cobb elevator or simi-
lar instrument should be used to safely scrape 
the necrotic, infected tissue from the posterior 
capsule. A laminar spreader with a lap sponge 
protecting the metal femur and tibia can be 
used to help improve visualization of the poste-
rior capsule. The remaining components should 
be examined for gross loosening of the prosthe-
ses; however, aggressive testing of the fi xation 
of the implants is not usually performed, as it is 
usually determined preoperatively if the com-
ponents are well fi xed. If any of the components 
are loose, they should be removed, and the pro-
cedure would then be converted to either a one-
stage or a two- stage revision/re-implantation 
depending on the surgeon’s assessment of the 
infection. In addition to the 9 L of fl uid, some 
surgeons have recommend using a diluted beta-
dine solution, Dakin’s Solutions, or hydrogen 
peroxide to further clean the joint and the com-
ponents. Further, some surgeons have begun 
using a sterile brush to scrape the metallic sur-
faces of the components, in an effort to remove 
the biofi lm of the bacteria. While there is much 
variation in the additional methods employed 
(on top of the irrigation and debridement) to try 
to improve the success of the procedure, none 
of the adjunctive procedures have been proven 
to be harmful to the patient and. thus, all can be 
considered. 

 The extracellular polymeric substance matrix 
that the bacteria produce is the nemesis of 
successful management and cure of infection, as 
it is impenetrable with current antibiotic therapy 
or with the host immune system alone. Of note, 
in the lab, biofi lm has been found to form within 
hours, and therefore complete removal cannot be 
expected with solely irrigation and debridement 
[ 21 ,  22 ]. The conservative treatment of IDCR 
works to decrease the bioburden as much as 
possible, so that in combination with ensuing 
antibiotic therapy, the host immune system can 
clear the infection.  

    Localized Antibiotic Agents 

 Although one-stage and two-stage surgeries 
successfully employ antibiotic impregnated 
bone cement in the component revision, local 
administration of antibiotics in IDCR is not rec-
ommended due to lack of specifi c evidence 
showing signifi cance in improvement [ 13 ]. 
Success with intra-articular administration via 
Hickman catheter of antibiotics after IDCR has 
been described [ 23 ]; however, there is limited 
evidence to support this as an independent fac-
tor leading to a successful outcome. Therefore, 
the value of this procedure is debatable, as it 
adds cost, an additional procedure to remove the 
catheter, and potential drug reactions. Similarly, 
no randomized control trials have shown that 
resorbable antibiotic-laden beads or dissolvable 
gentamicin loaded collagen sponges have an 
independent signifi cant effect on improving out-
comes with IDCR. The value of these products 
should be judged as they increase costs and har-
bor additional risks including associated local 
tissue reactions and wound exudates with cal-
cium sulphate pellets. Developments of materi-
als and delivery systems such as hydroxyapatite 
nanoparticles require further study and proof 
of effi cacy, but beckon advancements in 
biotechnology. 

 Overall, scrupulous debridement is known to 
be the most signifi cant component of success 
with IDCR.  

    Antimicrobial Management 
Following IDCR 

 Together surgical and medical treatments are 
allies in abolishing PJI. Antibiotic therapy is a 
crucial element in the consistent follow up after 
IDCR. Although there is no decisive evidence 
dictating the length of therapy, the recommended 
duration of pathogen-specifi c IV antibiotic treat-
ment is 2–6 weeks, with the majority of the lit-
erature suggesting 6 weeks. Shortening the 
treatment decreases cost and, with proper treat-
ment compliance, could decrease the develop-
ment of resistance. The Infectious Diseases 
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Society of America released clinical practice 
guidelines in 2013 suggesting either highly bio-
available oral antibiotics or IV therapy could be 
used in certain PJI circumstances. Intravenous 
administration allows for faster and more con-
trolled drug delivery systemically. However, if 
indicated, oral antibiotics reduce costs, allow 
patients to manage their treatment at home, and 
decrease complications associated with vascular 
access. The main concern for challenges with 
oral antibiotic therapy is related to patient com-
pliance. Due to the notorious potential of resis-
tant organisms as proven predictors of negative 
outcomes in PJI, the decision to treat with oral 
antibiotics must be weighed thoughtfully. 

 The protocol for antibiotic treatment after 
IDCR for PJI due to Staphylococcal species has 
more specifi c recommendations. The Infectious 
Diseases Society of America recommends 300–
450 mg of oral rifampin be given twice daily 
along with the initial IV antibiotic treatment. 
Following the IV treatment, rifampin should be 
continued in combination with another oral 
antibiotic for a total of 3 months for a THA 
infection and 6 months for a TKA infection. 
Ciprofl oxacin or levofl oxacin are generally good 
oral antibiotic choices in conjunction with 
rifampin, if the sensitivity of the bacteria is 
appropriate [ 24 ]. Rifampin is known to promote 
resistance development if used as monotherapy 
and is therefore recommended to be used as an 
adjunct therapy and should only be started after 
the patient is fi rst established on a primary 
antibiotic drug. Furthermore, if bacteremia exists, 
rifampin should not be initiated until this has 
cleared to decrease the potential development of 
resistance. Rifampin has signifi cant side effects 
such as hepatotoxicity and gastrointestinal 
intolerance, which should be monitored 
accordingly with the extended therapy [ 13 ].  

    Chronic Suppression 

 Although not ideal, depending on the patient, 
indefi nite chronic suppression therapy can be 
utilized. If patient comorbidities or patient 
preferences rule out further surgery, yet clinical 

signs of infection are still present, medical 
therapy alone is the alternative. This option is 
generally reserved for patients who are surgically 
unfi t for, or refuse, two-stage revision, excision 
arthroplasty, or amputation. Concerns 
surrounding chronic antimicrobial suppression 
involve patient adherence, selection of resistant 
organisms, and high cost. The antimicrobial 
regimen is chosen for the patient based on the 
isolated organism(s) and sensitivities, and the 
patient’s allergies and intolerances. 

 With IDCR, it is accepted that not all the bac-
teria will be removed with the surgical proce-
dure, and thus, many orthopaedic surgeons and 
infectious disease specialists like the idea of 
chronic suppression provided the patient can tol-
erate the antimicrobial therapy. However, there 
can be detrimental side effects with long-term 
antibiotic therapy, which should be discussed 
between the physician and the patient when 
deciding against more aggressive treatment 
approaches. The hazards of long-term use of 
various antibiotics include nephrotoxicity, oto-
toxicity, and disturbance of normal gastrointesti-
nal microfl ora, which impairs the natural defense 
mechanisms of the colonic microbiome. 
Depending on the antibiotic drug used, specifi c 
toxicities have been observed such as neurotox-
icity with penicillins and tendinopathy with fl uo-
roquinolones. Other bactericidal agents can 
cause oxidative damage to DNA, proteins, and 
membrane lipids due to the formation of reactive 
oxygen species causing mitochondrial dysfunc-
tion [ 25 ]. Furthermore, since total joint arthro-
plasty patients are often older, evaluation of 
hepatic and renal function is imperative due to 
the metabolism and elimination of antimicrobial 
drugs. In addition to toxicity to the liver and kid-
neys, poor initial function of these organs can 
lead to impaired clearance, and variations in sys-
temic drug concentrations, which compounds 
toxicities. As a result, clinical follow-up and 
patient laboratory values should be monitored 
regularly. Likewise, because of interactions with 
other drugs and effect on metabolism via the 
cytochrome P450 system, patient medication 
regimens and changes should be reviewed 
carefully. 
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 Management of chronic infection status and 
drug therapy requires a multidisciplinary team 
including orthopedic and plastic surgeons, infec-
tious disease specialists, microbiologists, the 
patient’s primary care physician, and rehabilita-
tion physiotherapists and occupational therapists.  

    Culture-Negative PJI 

 Reiterating the importance of adequate intra-op 
specimen collection, up to 35 % of PJI cases can 
result in negative culture results [ 13 ]. In the diag-
nostic work-up, beyond histology and gram- 
staining, advanced testing such as polymerase 
chain reaction (PCR), reverse transcriptase poly-
merase chain reaction (RT-PCR), mass spectrom-
etry, microarray identifi cation, and fl uorescence 
in situ hybridization (FISH), may aid in determin-
ing the etiologic organism. Preserving the cultures 
for at least 14 days may also help to identify a low 
virulence pathogen, such as Propioibacterium 
Acnes (s) [ 13 ]. 

 In the case that the organism remains elusive, 
broad-spectrum antimicrobial therapy with MRSA 
coverage is recommended. Treatment should 
encompass gram-negative, gram-positive, anaero-
bic organisms, and potentially fungal etiologies. 
An accepted choice amongst infectious disease 
specialists is a combination of vancomycin and 
either ceftriaxone or a fl uoroquinolone [ 13 ].  

    Following Recovery 

 Clinical signs of improvement are not guaranteed 
predictors of clearance of the infection. Likewise, 
although normalizing or decreasing ESR and 
CRP values can be helpful in obtaining a clinical 
picture of the patient, they cannot be depended on 
to declare that the patient has eradicated the 
infection. There is no ideal cut off for these 
markers, and values have the tendency to vary 
amongst patients with other medical 
comorbidities. New infl ammatory markers such 
as pro-calcitonin, leukocyte esterase, and IL-6 
have been suggested as potential indicators, how-
ever, further study is needed [ 13 ].  

    If IDCR Is Unsuccessful 

 The biggest concern with IDCR to treat PJI is 
that it will fail to clear the infection, and the 
patient will require additional surgery. Risk fac-
tors for failure of IDCR have been reported ret-
rospectively to include infection with 
 Staphylococcus  species, symptoms lasting lon-
ger than 5 days, obesity, preoperative ESR above 
60, high American Society of Anesthesiologists 
score, and intra-articular purulence [ 4 ,  26 ,  27 ]. 
The only factor consistently signifi cant in all 
reports is infection due to  Staphylococci . 
Following initial failure of IDCR, repeating the 
same procedure has been shown to have limited 
success and should be avoided [ 19 ]. If IDCR 
fails, all original implants should be removed. 
Two-stage revision is more common than one- 
stage in the United States; however, both are 
acceptable surgical options. A two-stage revi-
sion is generally used for more severe circum-
stances and progression such as sepsis, 
development of a sinus tract, no longer viable 
soft tissue coverage, and either unidentifi able or 
isolated resistant organisms [ 13 ]. If the patient’s 
bone stock is extremely limited, or if their health 
is poor, and they do not have high expectations 
of the limb, resection arthroplasty with an 
arthrodesis can be used.     
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      Late Infections of the Knee Joint: 
One-Stage Approach with Cement                     

     Carl     Haasper       and     Thorsten     Gehrke    

    Abstract  

  Two major concepts have been established to treat infected knee arthro-
plasties (TKA) in terms of one- or two-stage exchanges. A single-stage 
TKA exchange offers some advantages: the need for only one operative 
procedure without spacers, a general reduced hospitalization time, reduced 
overall cost (specifi c reimbursement system) and potential of improved 
patient. The presence of an organism culture with a sensitivity antibiogram 
is mandatory for a successful revision. Implant fi xation using antibiotic 
loaded cement is, we believe, the current gold standard for single-stage 
procedure. A defi ned period of systemic antibiotic therapy follows and 
early mobilization should be started as soon as possible.  

  Keywords  

  Knee   •   Bacteria   •   Sepsis   •   Total joint   •   Exchange   •   Revision   •   Arthroplasty  

      Introduction 

 Total knee arthroplasty (TKA) is considered to be 
one of the most successful procedures in ortho-
paedic surgery nowadays. However, complica-
tions like infection often result in poor clinical 
outcome. Periprosthetic infections are reported in 
the literature with prevalence between 1 and 2 % 
in primary and between 3 and 5 % in revision total 
knee arthroplasty [ 1 ,  2 ]. Operative management 

of periprosthetic infection after TKA remains a 
very challenging procedure and devastating prob-
lem not only for the surgeon but especially for the 
patient. Thus, prevention of infection in TKA is of 
paramount importance. 

 Concepts that have been established to treat 
delayed and late infections include one- and two- 
stage exchanges. Two-stage revision technique in 
late TKA infection has become the gold standard 
worldwide with described published success 
rates ranging from 70 to 90 %. There are only 
very few institutions which focus a one-stage 
revision approach like ours [ 2 – 4 ]. 

 Although very few studies or clinical 
reports have been published, the one–staged 
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revision technique was established at our insti-
tution over 35 years ago, for all major septic 
arthroplasty revisions. Over the last three 
decades more than 85 % of our infected TKA 
patients were treated using a one-stage revi-
sion technique with a comparable high success 
rate [ 3 ,  4 ]. 

 Generally all mentioned revision techniques 
should be adapted to the clinical situation, local 
clinical set-up, surgeon’s preference and previ-
ous expertise. In the most frequent two-stage 
scenarios, TKA implant removal is followed by 
a 6–8 weeks course of antibiotics and conse-
quent delayed revision arthroplasty. Articulating 
spacers have shown to improve the functional 
outcome of the two-stage approach, however 
with ongoing controversy. There seems to be a 
marginal improvement of postoperative ROM, 
but without statistical signifi cance [ 5 ]. 
Identifi ed potential problems associated with 
articulating spacers include bone loss, cement 
fracture, wound healing problems and even 
spacer dislocations [ 6 ]. Although antibiotic 
loaded spacers do show suffi cient local release 
of these antibiotics up to 6 weeks after implan-
tation, there is evidence of material abrasion of 
these spacers, which can be detected in the 
synovial membrane [ 7 – 9 ]. Substantial amounts 
of zirconium oxide can be detected in the syno-
vial membrane, which implies a further radical 
synovectomy and extensive lavage at the time 
of re-implantation [ 7 ]. 

 Articles describing the two staged technique 
as the gold standard in infection eradication, 
comment on remaining controversies, e.g., dura-
tion of antibiotic treatment, static vs. mobile 
spacer, interval of spacer retention, cemented vs. 
uncemented implant fi xation, and are based on 
level IV to III evidence studies or even expert 
opinions, rather than on prospective randomized 
or comparative data [ 4 ,  10 ]. In direct contrast a 
one-stage TKA exchange offers some advan-
tages: This mainly includes the need for only one 
operative procedure without spacers, a general 
reduced hospitalization time, reduced overall 
cost (specifi c reimbursement system) and poten-
tial of improved patient satisfaction [ 1 ,  3 ]. 

 In this chapter the authors try to establish a prac-
tical guide for performing a successful one- stage 
approach and try to highlight the key differences 
between one-stage and two-stage revision surgeries 
in treating periprosthetic knee infections.  

    Diagnostics 

 Recent clinical practice guidelines, our own expe-
rience and current evidence published by the 
American Academy of Orthopaedic Surgeons and 
International Consensus Group recommend the 
following mandatory preoperative testing in  every 
single  unclear painful TKA patient [ 11 ,  12 ]:

•    Laboratory monitoring of C-reactive protein 
(CRP)  

•   Knee joint aspiration with prolonged micro-
biologic culture time of at least 14 days, while 
patients being off antibiotics for a minimum 
of 14 days [ 13 ,  14 ]  

•   Synovial fl uid analyzing of white blood cell 
count and percentage of neutrophils  

•   Repeated aspiration in cases of own negative 
cultural results in combination with either 
obvious infections signs or pre-existing exter-
nal positive cultural results  

•   Biopsy of the knee joint in cases of persistent 
negative aspiration results, with obvious infec-
tions signs    

    Joint Aspiration 

 The most relevant preoperative and mandatory 
diagnostic test needed in any planned one-stage 
TKA exchange, is based on the knee joint aspira-
tion with an exact identifi cation of the organism. 
The antibiogram is required for the one-stage 
procedure. Only then is it possible to defi ne a 
specifi c antibiotic-loaded acrylic cement (ALAC) 
to achieve a high therapeutic level of antibiotic 
elution at the surgical side [ 15 ]. 

 In a previous unpublished study from our 
institution looking at results of preoperative aspi-
rations before revision knee and hip surgery we 
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were able to show that 4–7 % of patients had 
positive results even when clinical symptoms or 
relevant changes in laboratory were missing [ 16 ].  

    Imaging 

 We consider serial radiographs and CT scans to 
be the most helpful imaging tools in the diagnosis 
of infection at our institution. In serial radio-
graphs we look for signs of infection, loosing, 
implants etc. Nuclear imaging as a routine tool is 
not included in our setup. Bone scans, e.g., 
labeled leukocyte imaging, Gallium imaging or 
PET imaging have shown to be non-specifi c, 
although highly sensitive [ 11 ]. Those could 
detect physiological bone remodeling and may 
be misleading. There is only limited evidence for 
the use of PET in the literature and we therefore 
consider this technology to be secondary in the 
diagnosis of infection and probably more helpful 
when planning for revision THA due to 
infection.  

    Preoperative Preparation 
and Planning for the TKA Revision 

 Preoperative preparation and planning for revi-
sion knee surgery have been well documented 
and published elsewhere. In infections, however, 
several additional points need to be considered. 
These include evaluation of the patient, anaesthe-
sia and surgery. Again we would like to underline 
the mandatory presence of a positive bacterial 
culture and respective antibiogram for the proce-
dure. The proposed cemented fi xation using 
ALAC is considered to be the treatment of choice 
in order to achieve a high therapeutic level of 
antibiotic elution from the cement [ 17 ].  

    Patient 

 Specifi c sources of patient related infection 
should be evaluated. Malnutrition and diabetes 
are endocrinoligical predispositions associated 

with poor outcome. General signs of infection in 
terms of SIRS and sepsis should be ruled out 
prior elective septic exchange.  

    Anaesthesia 

 Clinical and anesthesiology assessment of the 
general operative risk is mandatory. An adequate 
quantity of additional donor blood should be 
available. In cases of time extensive operations 
preoperative administration of fi brinolysis inhibi-
tors (e.g., tranexamic acid) might be helpful [ 18 ]. 
Monitoring body temperature and heating blan-
kets should be recommended.  

    Surgery 

 The surgical success of a one staged approach 
depends on the complete removal of all hard-
ware material, furthermore the aggressive and 
complete debridement of any infected bone and 
soft tissues. A full synovectomy, including the 
most posterior aspects of the knee capsule is also 
extremely important and needs to be performed 
routinely. Consequently, resection of the PCL, if 
still existing, and even in some rare cases of the 
collateral ligaments needs to be considered, to 
perform this radical and complete soft tissue 
resection. Thus, the defi nitive preoperative plan-
ning should consider the use of a condylar con-
straint or hinged implant, also based on the 
surgeon’s preference and technique. A distinct 
knowledge of the implant in situ and knowledge 
how to remove and disassemble it is required 
(e.g., hinge mechanism). Occasionally the use of 
implant-specifi c instrumentation becomes nec-
essary. Principally a variety of implants should 
be available, from primary total condylar to 
hinged designs, depending on the requirements 
for reconstruction. As mentioned above, pre-
existing ligament defi ciencies require constraint 
implants; however, ligament defi ciency may also 
result during an aggressive intraoperative 
debridement. Based on our own aggressive soft 
tissue debridement, this happens to be the case in 
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over 90 % of our one-stage TKA revisions. 
Inadequate bone stock, possible intraoperative 
complications as femoral or tibial shaft frac-
tures, perforations of the cortex and osseous 
windows must be taken into consideration when 
choosing an appropriate implant. Distal femoral 
or proximal tibial  replacement implants may 
have to be chosen in patients with signifi cant 
bone defi ciency. Bone loss is usually signifi -
cantly more extensive than radio graphically evi-
dent. Custom made implants with extra long or 
narrow stems may have to be ordered prior to 
surgery. Today we also use tantalum based cones 
in our one-stage revisions, to achieve an ade-
quate metaphyseal rotational stabilization of the 
revision implant. Signifi cant damage to the 
extensor mechanism might necessitate the use of 
an arthrodesis nail, also in a one staged tech-
nique. However, a distinct preoperative patient 
communication and consent should be assured in 
those rare cases (less than 0.5 % per year in our 
clinic). Cement with additional antibiotics in 
powder form, added intraoperatively, is manda-
tory in all cases. Mostly two to three mixes of 
cement (40–80 g) per femur and also per tibia 
are required per case. Larger mixing systems and 
appropriate cement guns are required, while a 
narrow diaphysis might necessitate extra narrow 
nozzles for an appropriate retrograde cementing 
technique. Distinct knowledge of type and anti-
biotic adding of the cement used at the primary 
implantation should exist, as resistance to the 
previously used antibiotic must be expected. In 
consequence, a variation of ALAC should be 
considered, although in many cases, even an 
industrially pre-manufactured ALAC might still 
be appropriate.  

    Indications One-Stage Approach 

 Principally we do see only very few arguments 
against our one-stage revision protocol, conse-
quently we are able to fulfi ll over 85 % of all 
infected cases with the one-stage approach. An 
experienced microbiologist is essential to develop 
a distinct patient specifi c plan for the local and 
systemic antibiotic treatment.  

    Contraindications One-Stage 
Approach 

 We defi ned to following criteria to deviate from 
our one-stage approach to a two-stage procedure:

•    Failure of ≥2 previous one-stage procedures  
•   Infection spreading to the posterior nerve- 

vessel bundle  
•   Unclear pre-operative bacteria specifi cation  
•   Non-availability of appropriate antibiotics  
•   High antibiotic resistance      

    Surgical Technique 

    Skin Incision and Debridement 

 Old scars in the line of the skin incision should 
be excised (Fig.  20.1 ). The prior incision from 
the last operative approach should be used, if 
possible. In cases of multiple scars, the most 
lateral one should be considered. If crossing of 
scars by incision is necessary try to be as rect-
angular as possible. Existing fi stulae should be 
integrated into the incision and radically 
excised to the joint capsule. In cases of 
increased distances of the fi stulae to the lateral 
or posterior aspects, a separate excision should 
be used. Try to form full- thickness fl aps. 
Consider plastic consultation, expanders and 
sham incisions in severe cases. It is important 

  Fig. 20.1    Excision of the scar from the prior incision 
should be performed. In case of multiple scars, the most 
lateral one should be considered. Between two incisions, 
one should maintain suffi cient distance between them       
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to be gentle to the skin. The thinner the fl ap is it 
is more prone to infection. In diffi cult cases of 
exposure consider quad-snip, extensor plasty 
and/or tibial tubercle osteotomy. For bony 
exposure banana peel (femoral peel) and medial 
subperiostal exposure with external rotation of 
the tibia are helpful.

   The procedure should be started without 
tourniquet; consequently boundaries between 
infected tissue, scar and surrounding healthy 
bleeding soft tissue (and bone) can be distin-
guished easier during the debridement. All non- 
bleeding tissues and related bone needs to be 
excised (Fig.  20.2 ). After completion of 
debridement and implant removal, the tourni-
quet can be helpful for the fi nal intramedullary 
cement removal as well as for the process of 
re-cementation.

       Biopsies 

 Early in the operation biopsy material, preferably 
fi ve to six samples, should be taken from all 
 relevant areas for combined microbiological and 
histological evaluation [ 19 ], before the defi ned 
intravenous antibiotics are administered. This 
commonly consists of any wide-spectrum cepha-
losporin with further specifi cations, based on the 
arteriogram.  

    Implant Removal and Debridement 
Completion 

 For implant removal start fi rst with removal of the 
inlay, then femoral component and afterwards the 
tibial component. For the femoral component ret-
rograde slap hammers are helpful. In cases of 
well-fi xed uncemented components, rarely corti-
cal windows are required to gain access to the 
bone-implant interface. High-speed burrs and 
curved saw blades can simplify the removal; how-
ever, even in experienced hands, occasionally sig-
nifi cant collateral osseous destruction can occur. 
Alternatively, a Gigli saw or small bladed electric 
saw 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 should be available. Utilizing multi-
ple osteotomes, which are carefully driven 
between the tibial base plate and cement from 
medial and lateral, even if stemmed, can be gradu-
ally wedged/forced out of its cement mantle. This 
is usually less destructive than aggressive extrac-
tion with the mallet. In cemented cases, narrow 
straight osteotomes with symmetrically coned 
blades should remove all accessible bone cement, 
without causing further loss of bone stock. In 
order to achieve longer intramedullary cement 
mantles, special curved chisels, long rongeurs, 
curetting instruments, extra long drills and cement 
taps should be used to remove residual cement. 

 Successful one-stage re-implantation necessi-
tates a radical debridement of bone and posterior 
soft tissues This must include all areas of osteolysis 
and non-viable bone, thus fi nalisation of the aggres-
sive debridement often exceeds the amount of 
resected materials compared to a two-stage approach 
(Figs.  20.3  and  20.4 ). We recommend the general 
use of pulsatile lavage throughout the procedure. 
After all implant removal and completed debride-
ment; the intramedullary canals are packed with 
polymeric biguanid-hydrochlorid (polyhexanid)–
soaked swabs. Furthermore, the swabs are placed 
over the wound area before re- draping the patient.

    The complete surgical team should now 
 re- scrub, while new instruments are used for 
 re- implantation. A second dose of recommended 
antibiotics is administered after 1.5 h operating 

  Fig. 20.2    A full synovectomy, including the most poste-
rior aspects of the knee capsule, needs to be performed. 
All non-bleeding tissues and related bone need to be 
excised       
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time, or if the perioperative blood loss exceeds 
1 l. In case of a two-stage approach a cement- 
loaded spacer should be implanted and the fi rst 
step of surgical treatment ends.  

    Reimplantation 

 For the two-stage procedure an aggressive and 
radical debridement is absolutely mandatory at 

the time of re-implantation. The procedure 
continues as for the one-stage exchange: In 
cases of inadequate metaphyseal bone stock 
we preferred to fi ll large defects with cement in 
the past, instead of using allograft bone. 
Although it has been shown, that allografts can 
effectively be thoroughly lavaged and impreg-
nated with antibiotics and potential of a high 
local antibiotic carrier, especially in a sug-
gested cementless approach, we personally 
have only very limited experience with this 
technique [ 20 ]. 

 Alternatively the use of tantalum based fem-
oral and tibial cones have been implemented in 
our regular clinical use and one-stage 
approaches in recent years. Variations of depth 
and width of those augments allow for a proper 
reconstruction of the resulting bone loss, 
including an excellent biocompatibility and 
related stiffness and cellular structure compa-
rable to bone [ 21 ]. Consequently a combined 
fi xation of the cement with the prosthesis and 
tantalum cone becomes possible, even in 
infected cases (Fig.  20.5 ).

       Cement 

 The antibiotic loaded cement is prepared fulfi ll-
ing the following criteria:

•    Appropriate antibiotics (antibiogram, adequate 
elusion characteristics)  

•   Bactericidal (exception clindamycin)  

  Fig. 20.3    Successful one-stage re-implantation necessi-
tates a radical debridement of bone and posterior soft tis-
sues This must include all areas of osteolysis and 
non-viable bone; thus, fi nalisation of the aggressive 
debridement often exceeds the amount of resected materi-
als compared to a two-stage approach       

  Fig. 20.4    The surgical success of a one-stage approach 
depends on the distinct and complete removal of all hard-
ware material and the aggressive and complete debride-
ment of any infected bone and soft tissue       

  Fig. 20.5    Finally, we use a hinged knee with combined 
fi xation of the cemented prosthesis and, if indicated, tan-
talum cones       
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•   Powder form (never use liquid antibiotics)  
•   Maximum addition of 10 % to the PMMA 

powder    

 It should always be considered, that antibiot-
ics might change the polymerization behavior of 
the cement, causing acceleration of the curing 
process and weaken the mechanical properties. 
The current principles of modern cementing 
techniques should be applied under all circum-
stances. To achieve an improved cement bone 
interface, the tourniquet should be infl ated prior 
to cementing.  

    Postoperative Antibiotics 

 The in-hospital time postoperatively ranges from 
12 to 20 days (mean 14), whereas the associated 
postoperative systemic antibiotic administration 
is 10–14 days (exception: streptococci). Whereas 
a prolonged administration of intravenous antibi-
otics for 6 weeks is common in the two-stage 
approach, the rational for this prolongation has 
not been clarifi ed in studies. In contradiction, 
there is clear evidence about possible relevant 
systemic and organ specifi c complications after 
any prolonged antibiotic administration [ 18 ].  

    Postoperative Rehabilitation 

 The physiotherapeutic plan in any one staged 
approach cannot be generalized. Based on the 
variety of osseous defects, soft tissue compro-
mise, extent of infection and further patient spe-
cifi c circumstances, an individual patient plan is 
developed. Although compromises between nec-
essary immobilization due to structural damage 
and general attempts of early mobilization have 
to be made, we recommend a mobilization within 
the fi rst 8 days postoperatively. Weight bearing is 
adapted to the intraoperative fi ndings; thus, a 
similar mobilization strategy compared to pri-
mary TKA is attempted. In defi ned patients with-
out bone grafting, adequate bone stock and 
relative low soft tissue involvement, an immedi-
ate mobilization under full weight bearing 
becomes possible.  

    Postoperative Complications 

 Persistence or recurrence of infection remains the 
most relevant complication in the one-stage tech-
nique. As failures rates with a two-stage exchange 
have been described between 9 and 20 % in non- 
resistant bacteria, our unpublished data shows 
comparative results after 8 years of follow-up, 
using the one-stage approach (unpublished data) 
[ 2 ,  6 ,  22 ]. Consequently, we discuss at the time of 
patients consent a possible risk of recurrent or 
new infection of about 10–20 %. Postoperative 
stiffness and reduction of knee function remains 
the other most relevant complication postopera-
tively. Although we are unable to present com-
parative data evaluating the functional outcome 
under a two- vs. one-stage approach, we truly 
believe that neither any articulating spacer nor 
partial or complete immobilization of the knee 
joint will result in better functional outcome. 

 We consider the risk of direct damage to the 
peroneal nerve or main vessels as relatively low 
to an experienced surgeon, even in such an 
extended aggressive debridement. Further dam-
age to the extensor mechanism is mainly based 
on the number of previous operations and relative 
stiffness of the knee. In rare cases if combined 
infection and distinct stiffness, we perform a tib-
ial tubercle osteotomy. 

 We have no experience with the use of patellar 
tendon allografting in the infected scenario of a 
defective extensor mechanism. The general risk 
of intra- and postoperative fractures should be 
comparable to the two- or more stage exchange.   

    Conclusion 

 It remains mandatory to obtain a culture, based 
on a joint aspiration, with a respective antibio-
gram for a successful one-stage approach and 
every revision. Cemented implant fi xation 
using local antibiotics is currently the gold 
standard for single-stage procedure. In addi-
tion, the success of the surgical procedure is 
related to the experience of a designated micro-
biologist, including development of a patient 
specifi c treatment plan with specifi cations of 
the systemic and topic antibiotic regime. 
Explantation of the infected implant is fol-
lowed by an aggressive local debridement. In 
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general, “a one-stage exchange is a two-stage 
in one session,” as Prof. Michael Freeman 
likes to state, and the preoperative algorithms 
are equal. Consequently, implantation of the 
new cemented implant with patient-specifi c 
loaded antibiotics becomes possible in 
one-stage.     
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      Uncemented Revision Total Knee 
Arthroplasty for Peri-prosthetic 
Joint Infection                     

     Rhidian     Morgan-Jones     

    Abstract  

  Uncemented fi xation in revision total knee arthroplasty for peri-prosthetic 
infection is discussed by covering several key issues. Firstly, what is and 
how to undertake a systematic and effective debridement. Secondly, 
reviewing the concept of zonal reconstruction and fi xation, looking at the 
options for dealing with bone loss. Finally, a discussion of the role of anti-
biotics and published outcomes.  

  Keywords  

  Debridement   •   Uncemented revision knee arthroplasty   •   Zonal fi xation   
•   Antibiotic delivery  

      Introduction 

 De-bride-ment is the surgical removal of foreign 
matter and dead tissue from a wound. It derives from 
the original French debridement (1835–1845), 
equivalent to debride, literally to take away the 
bridle. In modern management of orthopaedic 
infection we must understand what debridement 
involves and have reproducible steps that can be 
applied to each anatomical region. Here we will 
discuss debridement as it applies to revision of 
infected total knee replacement. Its importance 
cannot be overstated, as the commonest cause of 

re-revision is infection, between 30 and 50 % in 
one series [ 1 ]. Once debridement has been com-
pleted thoroughly, reconstruction and fi xation 
should proceed by the surgeons chosen method, 
with cemented or uncemented fi xation being unim-
portant provided it is methodically done, using and 
respecting the remaining bone stock and a multi-
zone strategy [ 2 – 5 ]. In this chapter we will cover 
debridement, reconstruction and fi xation, antibiotic 
delivery and fi nally outcome in the infected knee 
arthroplasty using uncemented techniques.  

    Debridement 

    Extensile Approach 

 Debridement begins with an extensile approach 
to the infected knee, and must consider the 
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 previous skin incision or incisions. As a general 
rule, use the previous incision if adequate and 
extend proximally and distally as needed. Be pre-
pared to excise broad scars in a mobile joint, but 
proceed with caution in the stiff and tethered 
knee. Sinuses in the line of incision can be 
excised, elsewhere isolated sinuses can be curet-
ted and the deep sinus tract excised. All curetted 
sinuses will heal if the infected source is removed 
and debrided adequately. Occasionally, the need 
for plastic surgical coverage must be planned for 
when potential non-viable or necrotic skin loss is 
present, a medial Gastocnemius rotational or 
pedicled fl ap is generally suffi cient. The author 
favours a tibial crest osteotomy to improve access 
to both explant and debride all corners, whilst 
protecting the extensor mechanism.  

    Methods of Debridement [ 6 – 8 ] 

 Debridement can be divided into superfi cial and 
deep. Superfi cial wound debridement can be sub- 
divided into  autolytic,  which includes hydrogels 
and auto-enzymes;  enzymatic,  which includes 
streptokinase and collagenase; and  biological,  
which includes maggot therapy. 

 Deep wound debridement can similarly be 
sub-divided into  surgical,  which includes explan-
tation and sharp dissection;  mechanical,  includ-
ing curettage and reaming, power lavage and 
H 2 O 2  [ 9 ]; and  chemical,  which can include acetic 
acid [ 10 ] and honey [ 11 ,  12 ]. 

 It is with deep debridement we should concen-
trate when discussing the management of the 
infected knee replacement. However, we should 
always consider the soft tissue envelope, as fail-
ure to do so may lead to poor wound healing and 
subsequent compromise of deep tissues [ 13 ,  14 ]. 

    Surgical Debridement 
 Explantation when dealing with infected arthro-
plasty is akin to sequestrectomy and must include 
all implants and necrotic bone. Sharp dissection 
involves a thorough synovectomy and excision of 
all visible infected membrane/biofi lm. Only when 
explantation and sharp dissection have been com-
pleted can the next stage of debridement begin.  

    Mechanical Debridement 
 Mechanical debridement has several distinct 
stages. The femoral and tibial joint surfaces and 
intra-medullary canals are curetted of any resid-
ual membrane, avascular bone and cement resi-
due. Once complete the femoral and tibial 
intra-medullary canals are reamed under power 
to remove persistent neo-cortex and membrane 
in a compartmental debridement as described by 
Prof. Charles Lautenbach [ 15 – 18 ] from 
Johannesburg, South Africa. Once complete, all 
joint surfaces and canals are lavaged under 
power. Pulse lavage has a tidal effect of washing 
loose debris away from the operating fi eld but 
more importantly lavage under power makes any 
infected, membrane adherent to bone, oedema-
tous. Oedematous membrane is easier to both 
see and to debride by a further pass of curettage 
and reaming. Mechanical debridement should be 
seen as cyclical, with a minimum of two and 
possibly three cycles required to adequately 
debride. The volume of power lavage is less 
important than where and how the operative fi eld 
is lavaged. Lavage of the soft tissues, joint sur-
faces and the intra-medullary canals must be 
performed in sequence. Most surgeons prefer 
normal saline, but other solutions with added 
chemicals or antibiotics can be used as the sur-
geon prefers. 

 H 2 O 2  has been used for the mechanical effect 
of O 2  release producing effervescent cleaning 
and theoretically degrading biofi lm and pene-
trating the cell wall. Controversy remains over 
the risk of air embolus whilst using H 2 O 2 , 
although this is mitigated by the use of a tourni-
quet. If H 2 O 2  is used, it would make sense to use 
it after cyclical mechanical debridement with 
curettage, reaming and power lavage, to create 
biofi lm and organisms susceptible to chemical 
debridement.  

    Chemical Debridement 
 Chemical debridement is the fi nal part of deep 
debridement and seeks to create a hostile chemi-
cal environment that further degrades residual 
biofi lm, kills bacteria and prevents future bacte-
rial growth. Several options are available, the 
author prefers 3 % Acetic Acid [ 19 ] which low-
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ers the environmental pH and has both Gram −ve 
and +ve activity. Generally a 10 min acetic acid 
soak before reimplantion is suffi cient. Another 
option is SurgiHoney™ [ 11 ,  12 ] which works by 
a local osmolar effect but also produces H 2 O 2 . 
SurgiHoney also has the potential to be used as 
an antibacterial coating after re-implantation. 
Other potential chemical debriding agents 
include alcoholic betadine/chlorhexidine and 
hypochlorite.    

    Zonal Fixation and Reconstruction [ 2 ] 

 Solid fi xation of the implant is important for 
long-term survival but also early on for imme-
diate rehabilitation and function, and is irre-
spective of whether uncemented or cemented 
techniques are used. The larger the bone defect 
the more diffi cult the fi xation. Three zones of 
fi xation exist: the joint surface or epiphysis 
(zone 1), the metaphysis (zone 2) and the 

diaphysis (zone 3). In most revision knee 
replacements, zone 1 is compromised and 
therefore the zones 2 and 3 need to be used. The 
concept of zonal fi xation and reconstruction is 
applicable to both tibia and femur (Figs.  21.1  
and  21.2 ).

       Fixation in Zone 1: The Epiphysis 
(Joint Surface) 

 In most revisions and all re-revisions, zone 1 is 
compromised by implant failure and removal. To 
enhance the use of fi xation in zone 1, it is neces-
sary to establish a stable surface, free of cement 
debris, avascular bone and fi brous membrane. 
Where possible, fl at aligned cuts with augmenta-
tion of defects aides implant stability and fi xa-
tion. Augmentation can be by cement, bone graft 
or metal block but in zone 1 fi xation can only be 
reliably achieved with PMMA cement. As a rule, 
where augmentation is needed, fi xation in at least 

a
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  Fig. 21.1    ( a ,  b ) An infected, loose revision TKA 
18 months post two-stage revision. ( c ) Clinical photo-
graph of draining sinus and infl amed soft tissue envelope. 
( d ,  e ) X-rays post one-stage revision using uncemented 

fi xation with metaphyseal sleeves in zone 2 and diaphy-
seal stem in zone 3. ( f ,  g ) X-rays at 3 year review showing 
fi xation and physiological loading leading to femoral and 
tibial bone remodelling       
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1 other zone is necessary. Offset stems allow 
zones 1 and 3 to be linked. The geometry of the 
diaphysis and that of the epiphysis are not 
 congruent, therefore an offset is sometimes 
needed to optimize zone 1 coverage and avoid 
medial overhang of the tray.  

    Fixation in Zone 2: The Metaphysis 

 Since Julius Wolff described the law which 
bears his name in 1892 [ 20 ,  21 ], we know that 
bone reacts to loading with increased bone den-
sity and when unloaded, bone will be reab-
sorbed. Traditional revision knee replacement 
systems bypass the metaphysis concentrating 
on diaphyseal and joint surface (zones 3 and 1) 
fi xation. However, fi xation in the metaphysis 
(zone 2) allows fi xation closer to the point of 
articulation and makes restoration of the joint 
line easier. The geometry of the metaphysis and 
that of the joint surface are similar therefore 
obviating the need for an offset on the tibial 
implant. Similarly, fi xation in zone 2 allows 
posterior translation of the femoral component 
and the use of shorter stems, to mitigate against 
femoral bowing which moves implants anteri-
orly. Failure to utilise zone 2 can lead to uncon-
trolled biomechanical sheer stress and 
instability of augment fi xation in zone 1 poten-
tially leading to early failure of the revision 
[ 22 – 24 ]. 

 There are currently only two options for direct 
fi xation in zone 2, cement [ 25 ] or metaphyseal 
sleeves (DePuy-Synthes) [ 26 ,  27 ]. Cement fi xa-
tion in metaphyseal bone is not costly, readily 
available and can be used with either cemented or 
uncemented stems. Metaphyseal sleeves have 
been available since 1975 but have been most 
widely used as part of the S-ROM Noiles, rotat-
ing hinge system which has shown good mid- 

term results [ 26 ]. Metaphyseal sleeve fi xation 
optimises load transfer to improve bone re- 
growth (‘Wolff’s law’) and on-growth [ 27 ]. 
Fixation closer to the joint space provides better 
restoration of joint line and axial/rotational 
 fi xation stability even in the presence of cortical 
or cancellous bone defects and are an alternative 
to long stems [ 28 ,  29 ]. Metaphyseal sleeves as 
part of mobile bearing revision systems have 
been available for over 30 years but have only 
belatedly gained popularity, showing good early 
to mid-term results [ 4 ,  30 ,  31 ]. If zone 1 is suffi -
ciently preserved to accept a worthwhile cement 
mantle, additional fi xation in zone 3 might not be 
necessary. However, insuffi cient data on stemless 
metaphyseal sleeve fi xation exist for general use 
to be recommended. 

 Metaphyseal sleeves are the only method 
available that provides both bone reconstruction 
and direct implant fi xation. Indirect metaphyseal 
fi xation in zone 2 is possible when reconstruction 
has been achieved fi rst. As with zone 1 augmen-
tation, zone 2 reconstruction can be achieved 
with cement, bone graft (bulk allograft or mor-
sellised impaction graft) [ 32 ] or by the use of tra-
becular metal (TM) cones (Zimmer) which acts 
as metal bone graft and is used as a reconstruc-
tion ring. Trabecular metal has a structure similar 
to cancellous bone, is highly biocompatible and 
osteoconductive [ 33 ,  34 ]. Once metaphyseal 
reconstruction is secure and stable, secondary 
zone 2 fi xation is achieved with bone cement. 
Trabecular metal cones offer the advantages of 
availability and intra-operative press-fi t stability, 
allowing immediate weight bearing [ 35 ,  36 ]. 
Bone ingrowth has been demonstrated even in 
tibial TM retrieval specimens revised for infec-
tion [ 37 ]. Zone 2 reconstruction, however 
achieved, should be supported by secure zone 3 
fi xation with either cemented or uncemented 
stems.  

  Fig. 21.2    ( a ,  b ) Chronically infected revision TKR with 
massive bone loss. AORI classifi cation grade 3 femur and 
tibia. ( c ) Clinical image of multiple sinuses draining 
chronically infected revision knee arthroplasty. ( d ,  e ) 
Post-operative x-rays after 1-stage revision using 

 uncemented fi xation: zone 2 metaphyseal sleeve, zone 3 
diaphyseal stem. ( f ,  g ) Four-year review showing fi xation 
and physiological loading leading to femoral and tibial 
bone regeneration       
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    Fixation in Zone 3: The Diaphysis 

 Fixation in zone 3 by diaphyseal stems have been 
shown to offl oad the metaphysis where augmen-
tation may have been necessary thus protecting 
the implant/cement interface areas from failure. 
Stems may be cemented or uncemented, both can 
offer long-term survival but both have individual 
limitations. In cemented stem fi xation, bone 
resorption occurs in the metaphysis over time 
[ 38 ]. Using cementless stems seems to be benefi -
cial for the bone of the metaphysis [ 39 ]. 

 The geometry of the diaphysis and that of the 
epiphysis is not congruent, therefore an offset is 
occasionally needed. With this concept an opti-
mized coverage of the joint surface can be assured. 
However it is still unclear whether a cemented or 
an uncemented fi xation of the stems is advanta-
geous and optimal length as well as optimal thick-
ness of the stems are also still unclear [ 40 ]. 
Cementless diaphyseal engaging stems have been 
reported with lower radiographic failure than 
cemented stems in two-stage re- implantation, 
with similar re-infection rates despite the absence 
of antibiotic cement in cementless construct [ 5 ].   

    Treatment Options 

 Management options are based on the severity of 
defect and the chosen method of bone recon-
struction, which range from bone cement, 
allograft, metal augmentation, and mega prosthe-
sis. Recently, new alloys with high porosity have 
been introduced with satisfactory short-term 
results [ 41 ,  42 ]; however, it should be recognised 
that all methods of managing bone loss have dif-
ferent pros and cons [ 43 ]. Selection of the best 
treatment method is based on many factors, 
including defect size and location, the patient’s 
age and health, and ability to participate in the 
necessary postoperative rehabilitation. 
Metaphyseal sleeves and porous tantalum cones 
are a major addition in dealing with large, cen-
tral, contained and uncontained defects. The use 
of stem extensions in cases of bone defi cits is 
helpful in enhancing fi xation and lessening 
stresses to weakened condylar bone [ 44 ]. 

    Cement Augmentation 

 This has limited clinical use and is indicated for 
small defects that are 5–10 mm. The advantages 
of cement are economical (affordable) and uni-
versal availability. The disadvantages include dif-
fi culty with uncontained defects, early radiolucent 
lines due to poor fi xation and a failure to recon-
stitute bone for future surgery. However, in the 
elderly, low-demand patients and for expediency 
there remains a role for cement augmentation. 
Cement augmentation has been combined with 
metallic screw secured into the bone cortex as a 
reinforced hybrid construct [ 45 ] but this has not 
found widespread or sustained clinical use.  

    Bone Graft 

 When bone grafting, the host bone must be 
debrided to a viable layer and well cleaned. The 
graft must be contained and/or compressed, and 
preferably both. The aim, whenever possible, is 
to produce graft that has inherent structural sta-
bility although it always needs protecting with 
stems. High complications rates have been 
reported which include graft-host non-union, 
aseptic loosening, peri-prosthetic fractures, 
infections, and implant instability [ 46 ]. Allografts 
have several advantages. They are versatile and 
can be contoured to fi ll any shape and size (bulk 
or morsellised impaction grafts). Bone graft has 
the potential to restore bone stock provided that 
incorporation occurs, although this is always 
unpredictable [ 47 ,  48 ]. 

 Disadvantages, however, are many. Excellent 
load transfer with bulk graft is seen, although this 
may lead to collapse unless revascularisation and 
incorporation occur. Outcome is technique and 
surgeon dependant and remains biologically 
unpredictable. In many countries and institutions 
the supply is limited and expensive. The risk of 
disease transmission is a real but statistically a 
minor concern. Failure to re-vascularise and 
incorporate will give an on-going risk of non- 
union and collapse. However, acceptable mid- 
term results have been published by several 
authors for both massive allografts [ 49 ] and 
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impaction bone grafting [ 50 ]. Other reports have 
been less favourable for both [ 51 – 54 ]. The risk of 
infection is minimised by the use of antibiotic 
coated cancellous allograft [ 55 – 57 ]. 

 Autograft have some advantage over allograft. 
It is more biologically active and carries no risk 
of disease transmission, and contouring is easy 
with a lower risk of non-union. The disadvan-
tages, however, are a limited supply and provide 
only small bulk and limited morcellised graft. 
Autografts are usually only appropriate for com-
plex primary TKR. Bone substitutes are commer-
cially available with both osteoconductive and 
osteoinductive properties. They are presented in 
various consistencies such as putties, pastes, 
injections. There are, however, major disadvan-
tages of signifi cant cost, uncertain integration 
and a lack of structural options. 

 In summary, bone grafting has a place in revi-
sion TKR in the chronologically and physiologi-
cally young patients to increase bone stock. It 
offers versatility for differing types of bone loss. 
Allograft offers bulk for large bone loss, whilst 
allograft, autograft or bone substitutes may be 
appropriate for smaller defects.  

    Prosthetic Augmentation 

 Most modern revision systems include a com-
plete set of metallic augments and stems. These 
are designed to reconstruct in zone 1 (joint sur-
face) and zone 2 (metaphysis) and support in 
zone 3 (diaphysis). 

 Metal augments have the advantages of avail-
ability with no risk of disease transmission, 
shrinkage or collapse. They offer good load 
transfer and cutting guides increase ease and 
accuracy of use. The disadvantages include lim-
ited sizes and shapes producing further host bone 
loss. Augmentation usually necessitates the need 
for diaphyseal stem fi xation. Metal augments 
may be a poor choice in massive defects, modu-
larity may increase debris and reconstruction 
without use of metaphyseal and diaphyseal bone 
may lead to early failure [ 2 ]. The role of cemented 
and uncemented stems continues to be debated 
but the use of both can be supported [ 58 – 62 ]. 

 The new generation of metaphyseal implants 
have made a dramatic difference to bone recon-
struction. The commonest options include 
metaphyseal sleeves (DePuy-Synthes) [ 2 ,  4 ] or 
porous reconstruction cones (Zimmer) [ 63 ,  64 ]. 
Trabecular metal cones have shown good radio-
graphic osteo-integration at 1 year, mitigating 
against future collapse or implant migration [ 65 ]. 
Metaphyseal sleeves have a pedigree of over 
30 years of biological fi xation allowing physio-
logical loading to help regenerate bone stock and 
secure long-term fi xation [ 4 ,  27 – 31 ,  66 – 69 ]. 

 In summary, metal augments are versatile and 
allow intra-operative customisation and are suit-
able for moderate-sized, non-contained defects. 
Tantalum cones allow reconstruction of massive 
zone 2 defects with predictable osseo-integration 
and secure cement implant fi xation. Metaphyseal 
sleeves offer an excellent option for reconstruc-
tion using zone 2 uncemented fi xation irrespec-
tive of contained or uncontained defects. They 
offer immediate fi xation and reconstruction and 
obviate the need for bone graft.   

    Are Antibiotics Important? 

 Debridement is the key to infection clearance. 
The more diffi cult question is what role antibiot-
ics play in the eradication and prevention of 
recurrence. For eradication, antibiotics can be 
seen as adjunctive to surgery, treating the soft tis-
sue envelope and attacking residual organisms. 
For this, antibiotics should be at bactericidal lev-
els throughout the surgical period. For prevention 
of implant contamination/infection, antibiotics 
should prevent the establishment of a biofi lm and 
must therefore be used for a suffi cient time post- 
operatively. The time frame for antibiotics post 
revision can vary from a 2 weeks to 6 months, 
depending on whether the surgery is a one- or 
two-stage, a debride and implant retention proce-
dure and whether the organism and host are 
favourable or not [ 70 – 72 ]. 

 Antibiotic delivery can be systemic or local and 
each can used for varying lengths of time. All sur-
geons use intravenous systemic antibiotics to cover 
the initial operation, but conversion to oral can at 
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5 days to 6 weeks depending on the host and organ-
ism variables. The duration of oral therapy again 
varies from 6 weeks to 6 months. Local antibiotics 
can be delivered by a variety of media. Bone 
cement can be pre-mixed or hand mixed intra-oper-
atively. In the uncemented revision knee replace-
ment, antibiotic cement is often used in zone 1 to 
provide hybrid fi xation and eradicate any dead 
space between implant and bone. Biodegradable 
implants such as Calcium Sulphate or Collagen 
fl eece have been used to increase the intra-capsular 
antibiotic levels. Local antibiotics have the advan-
tage of providing bespoke antibiotic usage at high 
concentration. Antibiotic impregnated bone graft 
has been reported successfully in the one-stage 
management of infected revision total hip replace-
ments [ 55 – 57 ] and revision total knee arthroplasty 
[ 73 ] albeit in two stages.  

    Published Outcomes 
on Uncemented Revision TKA 
for PJI 

 Once a thorough debridement has been achieved, 
the remaining issues for the operating surgeon 
are: one- vs. two-stage, reconstruction of bone 
loss and long-term fi xation. Regrettably there are 
so many variables that no randomised trials are 
possible to compare all the options. Common 
sense and experience tells us, however, that 
excellent outcomes can be achieved by a variety 
of means. Hence, provided the surgeon adheres 
to the good principles of infection clearance, 
antibiotic usage and delivery, and zonal recon-
struction and fi xation, an argument can be made 
for all philosophies. Other chapters will use lit-
erature to support their position and similarly we 
can review the published experience of unce-
mented revision TKA for infection. 

 Edwards et al. [ 5 ] in a retrospective study, 
compared cemented and uncemented diaphyseal 
stems at the second stage of revision for infec-
tion. Uncemented diaphyseal-engaging stems 
had a lower rate of radiographic failure than did 
cemented stems. This study did not look 
 specifi cally at infection free survival but stem 
survival at a minimum 2 year radiographic 

review. However, reinfection rates were similar 
despite the absence of antibiotic cement in the 
cementless constructs. Vince and Long [ 62 ], 
however, reported earlier aseptic loosening in 
three patients after a two-stage re-implantation, 
from a small series of 13 patients revised using 
press-fi t medullary stem fi xation. 

 Bourne et al. [ 74 ] reported a series of 135 
patients revised using uncemented press-fi t stems 
of which 34 (25 %) were revised for infection in 
two stages. Of the infected revisions two had 
recurrent infection accompanied by radiolucent 
lines indicative of loosening. Agarwal et al. [ 4 ], 
looking at uncemented metaphyseal sleeve recon-
struction and fi xation in a minimum 2 year 
review, confi rmed no recurrent infections in the 
31 one-stage infected revisions. Similarly, 
Hanssen et al. [ 35 ] reported bony ingrowth into 
porous tantalum metaphyseal cones in a small 
series which included seven second-stage revi-
sion TKA. Bone ingrowth was unaffected by pre-
vious infection. 

 Using a two-stage protocol and “antibiotic- 
soaked” bone graft, Whiteside [ 59 ] used unce-
mented stem and screw fi xation. Twenty-nine of 
33 revisions were free of infection at mid-term 
review. Uncemented fi xation has also been 
reported in limb salvage [ 61 ]. Using a two-stage 
protocol, cementless intramedullary nailing, 
without achieving bone-to-bone fusion, was used 
for treating chronically infected total knee arthro-
plasty. At 2 year review 89.5 % showed no recur-
rence of infection. No aseptic loosening or 
implant failure was reported.  

    Conclusion 

 Debridement is as much a formal part of any 
revision as is the reconstruction and soft tissue 
balance. By having defi ned stages which 
include surgical, mechanical and chemical 
debridement, a thorough and reproducible 
debridement is  possible. The concept of 
repeated cyclical debridement is also vital to 
understand, as no surgeon can achieve ade-
quate clearance of infection in a single pass. 
Finally, debridement should be seen as 
 separate from reconstruction, which should 
not be prejudiced by inadequate  debridement. 
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The concept of zonal reconstruction and 
 fi xation allows the surgeon to use their 
implants of choice in a methodical manner 
which should give reproducible outcomes. 
The published literature, although not exten-
sive, confi rms that uncemented fi xation is at 
least as effective as cemented fi xation in revi-
sion TKA for peri-prosthetic infection.     
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      Late Infections of the Knee Joint: 
Two-staged Static Solutions                     

     Christopher     P.     Wilding      ,     Michael     C.     Parry      , 
and     Lee     Jeys     

    Abstract  

  Appropriate management of the unsalvageable infected total knee 
replacement remains a challenge, and avoidance of above-knee amputation 
remains the ultimate goal. In this chapter we look to review the techniques 
available to achieve arthrodesis of the knee as a means to salvage the limb. 
We will address the current evidence and clinical outcomes related to 
arthrodesis using intramedullary nailing, external fi xation, plating and 
vascularised fi bular grafts. Common complications and their management 
will be considered. The functional outcomes of arthrodesis patients will be 
presented, specifi cally in comparison to patients having undergone above 
knee amputation. Finally we will discuss some novel therapies emerging, 
including discussion of the use of silver-coated arthrodesis nails in this 
complex cohort of patients, and presenting early follow-up data from our 
experience.  

  Keywords  

  Arthrodesis   •   Above knee amputation   •   Intramedullary nail   •   External 
 fi xation   •   Vascularised fi bular graft   •   Plate   •   Silver coating  

      Introduction 

 The treatment of infection in the multiply revised, 
recurrent or recalcitrant infection subgroup repre-
sents a distinct challenge. The situation is often 
complicated by poor bone stock, poor soft tissue 
coverage and often a poor patient co-morbid con-
dition. In such patients, who have undergone mul-
tiple revisions, or in whom aggressive limb 
salvage procedures carry a high risk of failure due 
to patient or microbial factors, the option of knee 
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arthrodesis becomes a viable option in an attempt 
to prevent above knee amputation (AKA). 

 Knee arthrodesis has been performed since 
the turn of the 19th century as the treatment 
modality of choice in patients with septic arthri-
tis, poliomyelitis, tuberculosis of the knee joint 
and debilitating osteoarthritis, and was fi rst used 
for the treatment of failed TKA in 1971 [ 1 ]. Since 
then, arthrodesis has become a viable option in 
the armoury of the orthopaedic surgeon for the 
group of complex patients presenting with an 
unsalvageable failed TKA. 

 On this background, the aims of this chapter 
are to explore the following topics relating to 
static solutions in the treatment of PJI of the knee:

•    Indications and contraindications for 
arthrodesis  

•   Techniques to achieve knee arthrodesis  
•   The pitfalls and complications of knee arthrod-

esis and their management  
•   Functional outcomes following arthrodesis  
•   Novel techniques related to knee arthrodesis     

    Indications for Arthrodesis 

 The current role for knee arthrodesis in relation 
to TKA remains open to debate, but the recog-
nised indication is for the patient with an unsal-
vageable TKA on the background of recurrent 
infection often following multiple revisions, in 
order to prevent progression to AKA. Debate 
remains as to which TKAs can be salvaged and 
which require arthrodesis, and this decision must 
be made on a case-by-case basis, within a multi- 
disciplinary team environment, to determine the 
route which will lead to the best clinical outcome. 

 Infection with multiple or resistant bacteria is 
one such risk factor with re-infection rates as 
high as 24 % when methicillin-resistant  Staph. 
aureus  or methicillin-resistant  Staph. epidermidis  
were the infecting organism [ 2 ,  3 ]. Other patient- 
related factors which have a detrimental impact 
on revision arthroplasty survival include obesity, 
immune compromise, rheumatic disease, liver 
cirrhosis and kidney disease [ 4 – 6 ]. 

 Gross soft tissue instability may also be con-
sidered in the decision between arthrodesis and 

re-implantation. In these cases successful 
arthrodesis can result in a stable leg through 
which weight can be borne, thus resulting in 
acceptable functional outcomes and allowing 
patients a degree of independence [ 7 ,  8 ]. The 
alternative to arthrodesis in these cases would be 
a constrained prosthesis; however, revision of a 
constrained prosthesis often results in a greater 
degree of bone resection when compared with the 
removal of less constrained prostheses [ 9 ]. This 
in turn leads to reduced fusion rates following 
arthrodesis, 56 % compared to 81 %, which 
should be taken into account during the decision 
making process [ 10 ]. 

 Defi ciency of the extensor mechanism follow-
ing TKA has been reported as a complication in 
1–12 % of arthroplasty procedures [ 11 ] and can be 
the result of patellar tendon disruption, quadriceps 
tendon disruption, patellar crepitus and soft-tissue 
impingement, periprosthetic patella fracture, patel-
lofemoral instability, and osteonecrosis of the 
patella. In the case of defi ciency of the extensor 
mechanism following infection, this is most com-
monly attributable to sinus formation resulting in 
erosion of the patella tendon or destruction of the 
patella tendon insertion. Aggressive debridement 
of the sinus must always be achieved even with sac-
rifi ce of the extensor mechanism. Options for treat-
ment of the defi cient extensor mechanism include 
the use of a brace, direct repair, augmentation with 
native tissue, allograft, autograft or synthetic mate-
rial. Non-operative treatment is generally not 
acceptable due to the poor outcomes associated 
with a defi cient extensor mechanism. The use of 
allorgraft techniques, sacrifi cing the extensor 
mechanism at the time of fi rst stage debridement 
and reconstructing at the second stage reimplanta-
tion, have been reported anecdotally with varying 
success in small numbers. In such cases where the 
reconstruction of the extensor mechanism will 
prove challenging with a small chance of success-
ful function, arthrodesis may be considered. 

 For patients in whom the soft tissue envelope 
of the knee and proximal tibia has been 
signifi cantly violated by infection or repeated 
surgery, and for those in whom residual stiffness 
in the knee is likely to compromise function 
following revision, arthrodesis may be 
considered. In such cases, wound healing and 
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soft tissue coverage is far more likely in the 
context of a stable knee. Often, patients in this 
predicament are signifi cantly affected by pain. In 
such a context, the prospect of a pain free, albeit 
stiff knee is often more agreeable to the patient, 
rather than chronic pain and instability.  

    Contraindications to Arthrodesis 

 Contraindications to knee arthrodesis can be con-
sidered as relative and absolute. To our mind, the 
only absolute contraindication to arthrodesis 
would be in the case of life threatening sepsis form 
PJI of the knee, AKA may be the only option. 
Social and cultural factors must be considered 
when counselling patients considering amputation 
or arthrodesis. The cultural stigma associated with 
amputation by some may push patients and sur-
geons alike towards considering arthrodesis. 
Patient wishes must be taken into consideration 
when contemplating limb salvage or sacrifi cing 
options for defi nitive treatment of the PJI. 

 Following successful knee fusion, compensa-
tory mechanisms occur to allow walking, includ-
ing increased pelvic tilt, hip abduction and ankle 
dorsifl exion on the ipsilateral side [ 12 ]. As such 
arthrodesis should be avoided if possible in 
patients with ipsilateral degenerative changes in 
the hip or ankle, as these will limit the effect of the 
compensatory mechanisms. Equally, the presence 
of degenerative changes in the spine may be con-
sidered as a relative contraindication to knee 
arthrodesis, as the increased degree of pelvic tilt 
will result in increased loads through the lumbar 
spine accelerating degenerative wear [ 13 ]. 

 Patients with a contralateral amputation may 
be unsuitable for arthrodesis due to the degree of 
energy expenditure which would be required to 
ambulate. Knee fusion requires the exertion of 
30 % more energy when walking compared to a 
normal gait, with amputation 25 % higher still 
than arthrodesis [ 12 ]. This increased degree of 
energy exertion thus makes arthrodesis unsuitable 
in these patients due to the degree of diffi culty as 
well as the risk to cardio-vascular fragile patients. 

 Finally, patients who are medically unfi t for 
such drastic surgeries, or who have decided 
against arthrodesis, should not be considered.  

    Current Techniques to Achieve 
Knee Fusion 

    Intramedullary (IM) Nailing 

 The use of a long IM nail has become the most 
commonly utilised method for arthrodesis 
(Fig.  22.1 ). IM arthrodesis is associated with 
prolonged stability of the joint, allows weight 
bearing more quickly and has a high rate of 
fusion. IM nailing has the disadvantage of being 
a technically challenging procedure and often 
requires a two-stage procedure in the presence of 
active infection. Historical methods of attempting 
to achieve bone-to-bone fusion often left an 
unacceptably large leg length discrepancy. One 
method utilised to avoid this is the use of an IM 
nail as an endoprosthesis with antibiotic-laden 
cement or bone grafting used to fi ll the gap 
between tibia and femur [ 14 – 16 ].

   Technically, the knee is approached anteri-
orly with the joint accessed with the patella 
everted or retracted. Thorough debridement of 
any infected soft tissues is vital to reduce the risk 
of recurrent infection following arthrodesis. Any 
hardware or cement present following the fi rst 
stage must be removed. For insertion of the IM 
nail, the smaller diameter bone of the tibia is 
reamed followed by the femur, with the aim of 
this to prevent over- reaming of the femoral canal 
[ 17 ]. Over-reaming of either canal leads to the 
nail lacking a secure fi t and consequently reduc-
ing the stability of the arthrodesis. A nail 0.5-
mm diameter smaller than the diameter of the 
fi nal reamer is usually suitable for insertion. 
Cancellous bone fragments, autologous bone 
grafts or antibiotic laden cement can be packed 
around the knee to improve bone fusion and 
bridge any large gaps between the tibia and 
femur [ 18 ]. The IM nail is anchored proximally 
in the femur with a locking screw, which has 
been shown to prevent proximal migration which 
can be a cause of gluteal pain necessitating nail 
removal [ 19 ]. 

 Table  22.2  shows some of the available evi-
dence reporting outcomes following arthrodesis 
using IM nails following recurrent PJI of the 
knee. The group sizes are relatively small as 
expected due to the rarity of cases necessitating 
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arthrodesis, which increases the variability when 
comparing outcomes. Overall the data presented 
shows that IM nailing is an effective technique to 
fuse the knee following failed infected TKA, 
with a solid fusion rate ranging from 68 to 100 % 
at an average time of 4–11.6 months [ 17 – 31 ,  33 ]. 
Length of stay following arthrodesis was on 
average between 16 and 23 days, and most likely 
refl ects the early mobilisation and weight bear-
ing achieved with this method of arthrodesis 
[ 21 ,  28 ]. 

 The published complication rates range from 
0 to 30 % which represents a low fi gure when 
considered in the context that two-stage revision 
following infected primary TKA carries a failure 
rate of as high as 36 % [ 7 – 12 ,  24 ,  26 – 29 ,  31 , 
 33 – 44 ]. However, it is also worth noting that 
when recurrent infections occur, the rate of these 
progressing to AKA is high. As can be seen in 
Table  22.1 , 29 patients developed recurrent infec-
tions despite arthrodesis, with ten progressing to 
AKA, a rate of 34.5 % [ 15 ,  16 ,  22 ,  23 ,  26 ]. This 

a b

c d

  Fig. 22.1    The case of a 78-year-old patient who pre-
sented with a late haematogenous periprosthetic joint 
infection of a primary TKA performed 8 years previously 
( a ). The infecting organism was a methicillin resistant 
 Staphylococcus aureus  and the patient suffered with dia-
betes mellitus, renal impairment, coronary heart disease 

and pulmonary disease necessitating regular steroid use. It 
was, therefore, elected to treat this PJI by staged arthrod-
esis, the fi rst stage temporised with an articulating antibi-
otic loaded cement spacer ( b ). The patient underwent 
second-stage arthrodesis with an intramedullary arthrode-
sis nail augmented with antibiotic- loaded cement ( c ,  d )       
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is likely a refl ection of the complex patients 
undergoing arthrodesis, often as a last resort prior 
to AKA. Nevertheless, eradication of infection 
remains the greatest challenge when attempting 
knee arthrodesis using an IM nail.

       External Fixation (EF) Devices 

 First used in knee arthrodesis as a treatment for 
advanced osteoarthritis and tuberculous arthritis, 
EF arthrodesis following unsalvageable infected 

   Table 22.1    Recent published evidence for IM nailing as a modality for arthrodesis following unsalvageable infected 
TKA   

 Author  Year 
 # of 
patients 

 # of solid 
fusions 

 Time to 
fusion  Mean LLD 

 Complication 
rate  Complications 

 Miralles- Muñoz 
[ 14 ] 

 2014  29  –  –  8 mm  13.7 %  2 recurrent 
infections, 1 
periprosthetic 
fracture, 1 cortical 
erosion; all 
successfully revised 

 Scarponi [ 15 ]  2014  38  –  –  13 mm  10.5 %  4 recurrent 
infections; 2 went on 
to AKA, 2 went onto 
revision surgeries 

 Putman [ 20 ]  2013  31  21 
(68 %) 

 –  10 mm  19.4 %  6 recurrent infection 
(3 removal of 
metalwork, 3 
long-term 
antibiotics) 

 Iacono [ 16 ]  2013  22  –  –  45 mm  13.6 %  3 recurrent 
infections all went 
on to AKA 

 Lee [ 18 ]  2012  9  9 (100 %)  9.9 months  11 mm  0 %  – 

 Yeoh [ 21 ]  2008  11  10 
(91 %) 

 4.4 months  –  9.1 %  1 non-union 

 De Vil [ 22 ]  2008  19  14 
(74 %) 

 –  45 mm  26.3 %  4 recurrent 
infections; 3 went on 
to AKA 
 1 aspetic non-union 

 Senior [ 23 ]  2008  14  13 
(93 %) 

 4 months  >20 mm  14.2 %  1 infected non- 
union; went on to 
AKA 
 1 peroneal nerve 
palsy; resolved at 
5 months 

 Garcia- Lopez 
[ 24 ] 

 2008  20  16 
(80 %) 

 9 months  24.5 mm  30 %  4 psuedoarthroses, 1 
intra-op fracture, 1 
peroneal nerve palsy 

 Mabry [ 25 ]  2007  24  23 
(96 %) 

 –  –  8.3 %  2 recurrent 
infections 

 Bargiotas [ 26 ]  2006  12  10 
(83 %) 

 5.5 months  55 mm  16.7 %  1 recurrent infection; 
went on to AKA 
 1 nail breakage after 
3 years 

 McQueen [ 27 ]  2005  7  7 (100 %)  18.7 weeks  –  28.6 %  2 recurrent 
infections; went on 
to delayed union 

 White [ 28 ]  2003  5  5 (100 %)  11.6 month  –  0 %  – 

(continued)
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TKA has been explored, albeit to a lesser extent 
than IM nails [ 39 ]. EF has the advantage that it 
provides compression across the arthrodesis site 
when suffi cient bone stock is present and also it 
may be performed as a single stage procedure in 
the presence of infection (Fig.  22.2 ). However, EF 
devices usually require a period of none weight 
bearing, they are cumbersome for the patient and 
have a high incidence of complications including 
pin site infection, pin loosening and fracture.

   Technically the application of an EF system 
is dependent upon the design chosen, with each 
design having advantages and disadvantages. 
Single plane EF systems provide minimal sta-
bility in the fl exion-extension plane and as such 
biplanar confi gurations are believed to provide 
greater stability, and therefore greater rates of 
fusion, during attempted arthrodesis [ 40 ]. 
Circular EF frame have also been used with the 
advantage of an all-wire fi xation. This offers 
the greatest stability in cases of poor bone qual-
ity as may be expected in the multiply operated 
and infected knee following failed 
TKA. Application of a circular frame can, how-
ever, be technically challenging and due to its 
necessary size to accommodate the soft tissues 
of the thigh, may cause diffi culty in walking. 

 Table  22.2  presents the available evidence for 
the use of EF devices for arthrodesis of the knee. 
As a much less widely used technique, there are 
few case series exclusively assessing the use of 
EF arthrodesis in unsalvageable TKA. What can 
be seen, however, is that the incidence of persis-
tent or recurrent infections is low when the EF is 
used for knee arthrodesis with six papers report-
ing 100 % success rate of infection eradication 
[ 16 ,  41 – 44 ,  49 ]. Equally, there was only one 
reported case of AKA following attempted 
arthrodesis with an EF device [ 50 ]. As such in 
those patients identifi ed as particularly high risk 
of re-infection, EF may be a more prudent man-
agement strategy in preventing progression to 
AKA when compared to IM nailing, where 
arthrodesis is considered a viable option.

   Pin site infection is a common complication 
during EF arthrodesis but is often easily treated 
with local care and oral antibiotics [ 16 ,  41 ,  43 , 
 47 ,  49 ,  51 ,  53 ,  54 ]. Other common complications 
included pin loosening requiring either pin 
exchange or re-application of the EF device. 
Although not often mentioned, the use of 
hydroxyapatite-coated pins is widely accepted to 
reduce the risk of deep pin site infection and pin 
loosening necessitating frame revision [ 55 ]. 

Table 22.1 (continued)

 Author  Year 
 # of 
patients 

 # of solid 
fusions 

 Time to 
fusion  Mean LLD 

 Complication 
rate  Complications 

 Gore [ 29 ]  2003  16  12 
(75 %) 

 13.5 weeks  –  25 %  1 aseptic non-union, 
1 skin graft 
 2 recurrent 
infections; 1 revised 
and united, 1 
removed and now 
braced 

 Waldman [ 17 ]  1999  21  20 
(95 %) 

 6.3 months  –  9.5 %  1 non-union; treated 
with bone graft 
 1 wound dehiscence 
requiring muscle 
fl ap 

 Lai [ 30 ]  1998  33  30 
(91 %) 

 5.2 months  26 mm  9.1 %  2 non unions 
 1 recurrent infection; 
debridement + fused 

 Jørgensen [ 31 ]  1995  5  5 (100 %)  4.8 months  –  0 %  – 

 Knutson [ 32 ]  1985  11  10 
(91 %) 

 –  40.1 mm  18.2 %  1 non-union, 1 
revision 
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 Following EF arthrodesis the average length of 
stay reported by Yeoh et al. was 76 days, greater 
than that seen following IM nailing [ 21 ]. The 
authors also demonstrated a greater rate of fusion 
following IM nails compared to EF; however, this 
paper had a particularly low EF fusion rate of 
29 % [ 21 ]. Iacono also directly compared IM 
nailing and EF and found no difference in fusion 
rate but did demonstrate a signifi cantly greater 
LLD following EF and also observed a trend 
towards increased risk of recurrent deep infection 
following IM nailing [ 16 ].  

    Plates 

 In theory, arthrodesis using plate osteosynthesis is 
a useful option for achieving fusion as it is not 
reliant on the morphology of the tibial or femoral 
medullary canal, and can provide rigid fi xation in 
the presence of poor bone quality (Fig.  22.3 ). This 
said, only a small body of evidence exists for the 
use of plating techniques for arthrodesis of the 
knee, but rarely in the exclusive context of infected 
TKA. In 1961, Lucas and Murray presented 18 
cases of knee arthrodesis using two plates on the 
anterior and medial aspects of the femur and tibia 
at 90° to each other. With this method they 
achieved a 94 % fusion rate with the single failure 
achieving solid fusion after a revision plating pro-

cedure [ 57 ]. Arthrodesis of the knee has also been 
demonstrated using a tension band plate system 
with a single anterior, broad contoured, dynamic-
compression plate with screws applied as a ten-
sion band. With this arrangement all 26 patients 
showed osseous union at 2 year follow-up and all 
could mobilise without aids [ 58 ]. The use of a 
dual-plating technique, with the compression 
plates on the medial and lateral side of the knee, 
has also been utilised in two papers of 34 and 11 
patients with fusion rates from 80 to 100 %, 
respectively [ 59 ,  60 ]. The successful use of a 
locking-compression plate has also been described 
in three patients with unsalvageable infected 
TKA, all of whom went on to achieve union [ 56 ].

   Of these small series, one reported a 28 % 
incidence of metalwork removal due to pain and 
metalwork prominence with another reported 
complications involving 2 of the 11 cases in the 
form of a femoral stress fracture and persistent 
infection [ 56 ,  60 ]. Plate arthrodesis is often lim-
ited by the protected weight bearing required in 
the post-operative period, in some cases up to 
6 months [ 56 ,  57 ].  

    Vascularised Fibular Grafts 

 The use of fi bular grafts is more commonly uti-
lised in arthrodesis of the knee following the 

a b  Fig. 22.2    Lateral ( a ) and 
AP ( b ) plain radiographs of 
the knee showing 
successful knee 
arthrodesis, demonstrated 
by continuity of the 
trabecular-medullary 
pattern, following 
application of an Ilizarov 
external fi xator in the case 
series by Spina et al. [ 45 ] 
(With kind permission 
from Springer Science + 
Business Media: Spina 
et al. [ 45 ])       
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removal of distal femoral tumours resulting in 
large bony defects. In the context of the unsal-
vageable infected TKA, multiple operations 
and infections may to lead to a signifi cant 
degree of segmental bone loss in which this 
technique may be useful in the effort to avoid 
AKA (Fig.  22.4 ). Use of the vascularised rota-
tory fi bular transfer provides a biological recon-
struction but initially requires mechanical 
support from an IM nail, external fi xator or 
plate to allow the graft to be adopted and hyper-
trophy. Reported fusion rates of vascularised 
fi bular grafts range from 75 to 93 %; however, 
the rate of complications following the proce-
dure is high [ 61 – 63 ]. Following fi bular grafts, 
complications include graft fracture, infection 
and non-union, however as the literature is 
mostly related to oncological cases the high 
rates of infection and poor union may be 
expected when associated with the adjuvant 
therapies required to optimally treat the under-
lying pathology.

        Complications 
Following Arthrodesis and Their 
Management 

 As discussed, successful arthrodesis of the knee 
following failed TKA is an effective treatment 
option resulting in reasonable function in a 
 complex group of patients. However, complica-
tions can occur and the following section aims 
to highlight the pitfalls associated with arthrod-
esis and how best to manage them when they 
occur. 

    Recurrent Infection 

 A major risk of arthrodesis in the treatment of 
infected TKA is that of recurrent infection. 
Studies have shown that re-infection occurs in as 
many as 50 % of cases [ 20 ,  64 ,  65 ]. In these cases 
it is important to remove the septic metalwork 
and perform a thorough debridement. Subsequent 

a b

  Fig. 22.3    AP ( a ) and lateral ( b ) plain radiographs of a successfully fused knee following dual-plating, with medial and 
anterolateral plates in situ, in the case series by Kuo et al. [ 56 ] (Reprinted from Kuo et al. [ 56 ], Copyright 2005)       
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insertion of an antibiotic coated nail and targeted 
antibiotic therapy may then be considered. 
However, recurrent infection following attempted 
arthrodesis has a high probability of progressing 
to AKA [ 15 ,  16 ,  22 ,  26 ]. 

 One suggested method of treating failed 
arthrodesis secondary to recurrent infection 
around an IM nail in situ is the use of a fi bular 
graft [ 66 ]. The proposed treatment protocol is a 
three stage revision with removal of the IM nail, 

debridement and insertion of a cement spacer ± 
ipsilateral gastrocnemius fl ap for soft coverage 
compromising the fi rst stage. This is then 
followed by removal of the cement spacer and 
implementation of a contralateral fi bular 
osteocutaneous fl ap with EF device for support. 
The third stage involves exchange of the EF 
device to internal fi xation. A series of fi ve patients 
who underwent this treatment protocol as a fi nal 
option prior to AKA showed reasonable results 

a b c

  Fig. 22.4    Progressive radiographs following vascularised 
fi bular graft following resection arthroplasty from the 
case series by Nouri et al. [ 61 ]. Initial graft placement sta-
bilised by a monoplanar EF ( a ), subsequent graft consoli-

dation at the extremities with bone graft in situ ( b ), and 
graft stress fracture following progressive weight bearing 
after EF removal ( c )       
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with all fi ve grafts integrating between 6 and 
8 months. Complications included one fi bular 
graft stress fracture and two cases of deep 
infection following the third stage, successfully 
treated by further debridement and antibiotic 
therapy, and a cohort mean LLD of 3.8 cm. 
Importantly, none of the patients required an 
AKA and all were independently mobile with the 
aid of one crutch.  

    Non-union 

 Following attempted arthrodesis of the knee, the 
rate of non-union can range from 10 to 80 % and 
remains a diffi cult complication to resolve [ 21 , 
 25 ,  33 ]. The treatment of arthrodesis non-union 
usually involves the use of bone grafting and 
either fi xation with a supplemental plate or 
exchange intramedullary nailing [ 67 ]. 
Supplemental plate fi xation is already commonly 
used in non-union following long bone fracture 
augmented with bone graft to the non-union site 
[ 68 ]. This method has the advantages of increas-
ing rotational, bending and torsional stiffness and 
is effective at achieving solid union in cases where 
an IM nail may not be placed or where one may 
not add additional stability [ 69 ,  70 ]. Exchange IM 
nailing is advantageous in that during the proce-
dure the bony canal is reamed. This allows for a 
larger diameter IM nail to be inserted increasing 
rigidity and strength across the non-union site 
[ 71 ]. Additionally, reaming promotes new bone 
growth adding a biological dimension to the ben-
efi ts of exchange IM nailing by promoting a more 
rigid construct and faster union [ 72 ,  73 ].  

    Leg Length Discrepancies 

 Although an anticipated effect of arthrodesis and 
desirable in that it allows easier foot clearance 
during walking, symptomatic leg length 
discrepancy usually requires intervention. A shoe 
lift remains the most common non-surgical 
intervention; however, patient acceptance of this 
and issues with balance become problematic as 
the discrepancy increases with reciprocal increase 

in orthoses [ 74 ]. If surgical intervention is neces-
sitated following arthrodesis, distraction osteo-
genesis is achievable by lengthening over the nail 
or exchange nailing with an internal lengthening 
device [ 67 ]. Leg lengthening over a nail has been 
shown to be an effective method to achieve dis-
traction osteogenesis, with the IM nail offering 
support to the newly generated bone and as such 
reducing the time with the external fi xator in situ 
[ 75 ,  76 ]. If this method is chosen to improve leg 
length discrepancy, great care should be taken to 
prevent pin site infection which could lead to 
deep intramedullary sepsis [ 77 ]. Exchanging the 
in situ IM nail for an internal lengthening device 
can also be considered. These devices alleviate 
the risk of pin site infections and have been 
shown to reduce the risk of joint contractures and 
allow earlier return to normal function [ 78 ,  79 ]. 
However, there have been reports of a diffi culty 
in controlling the rate of distraction and although 
debatable, current evidence suggests that length-
ening over a nail is a preferable management 
option [ 80 ,  81 ].   

    Functional Outcomes 
Following Knee Arthrodesis 

 In the unsalvageable failed TKA the management 
options are arthrodesis or AKA and as such 
functional comparison between the two must be 
considered. The decision between limb salvage 
and amputation is more commonly faced by 
orthopaedic oncologists and as such the evidence 
in this fi eld is stronger than in relation to failed 
TKA, although the question remains the same. 

    Walking Ability 

 In terms of ambulatory status, patients undergoing 
knee arthrodesis have demonstrated good mobil-
ity in the literature. Following successful knee 
fusion, ambulation has been reported in 84 %, 
95 % and 100 % of patients [ 14 ,  82 – 84 ]. Often 
these patients do require walking aids, however 
many are able to ambulate independently in the 
community [ 24 ,  49 ,  51 ]. In stark contrast, AKA 
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following failed TKA resulted in only 20–50 % of 
patients mobilising “even to a limited degree” [ 85 , 
 86 ]. Obviously, this reduced function following 
amputation is a function not only of the surgical 
intervention but also the age and co-morbidities in 
whom the amputation is often performed.  

    Pain 

 Following successful fusion some patients still 
suffer with pain in and around the fused knee 
although this is often improved when compared 
to pre-operative scores [ 16 ]. Talmo et al. reported 
28 % of patients following successful knee 
arthrodesis complained of pain in the fused knee, 
28 % complained of pain in the ipsilateral hip and 
8 % pain in the contralateral hip [ 82 ]. Less prom-
ising results have been reported, with Röhner 
et al. observing that 73 % of fused patients com-
plained of permanent pain demonstrated by a 
visual analogue scale greater than three [ 64 ]. 
This however, still represents a reasonable out-
come compared to AKA with Smith et al. report-
ing that only 9.2 % of patients with an AKA were 
pain-free in the preceding 4 months, with 36.7 % 
reporting phantom limb pain and 40.2 % residual 
limb pain for more than half the time [ 87 ].  

    Physical Health 

 In terms of the physical health of patients, 
arthrodesis has been reported to confer a superior 
level of physical health using the physical com-
ponent of the validated SF-12 score, with a mean 
score of 51.4 compared to 26.0 following AKA 
[ 85 ]. Even when compared to patients following 
revision TKA, arthrodesis performs equally well 
with a median score of 29.9 on the SF-12 physi-
cal outcome measures compared to 28.4 in a 
patient matched group [ 8 ].  

    Mental Health 

 The mental wellbeing of patients following knee 
arthrodesis has also been demonstrated to be 

better than following AKA with scores of 60.4 
and 44.4, respectively, on the mental component 
of the SF-12 [ 85 ]. Again, arthrodesis also per-
formed well when compared with a matched 
patient cohort following revision TKA, with a 
median score of 45.1 compared to 36.5 [ 8 ].  

    Patient Satisfaction 

 Successful arthrodesis of the knee generally leads 
to a satisfi ed patient. In a successfully fused knee, 
up to 82 % claim to be very or somewhat satisfi ed 
compared to patients in whom fusion was not 
achieved with 75 % of these patients being very 
dissatisfi ed [ 46 ]. Rud et al. also showed a post- 
arthrodesis satisfaction rate of 80 % and also that 
78 % of those whose who were in employment 
prior to their arthrodesis were able to return to 
work [ 88 ].   

    Novel Techniques in Implant 
Arthrodesis 

 In recent years there has been an expansion of 
implanted, non-articulating arthrodesis devices. 
One of the greatest challenges with this technique 
is the risk of recurrent infection and the 
subsequent risk of AKA. One method currently 
under evaluation is the use of a silver coated 
arthrodesis (SCA) nail in an attempt to reduce 
infection recurrence. 

 The presence of silver has been shown to 
improve resistance to infection and bacterial 
colonisation as the silver ions are able to attach to 
bacterial DNA thus preventing protein synthesis 
[ 89 ,  90 ]. The technique of silver coating ortho-
paedic prosthesis has been supported in the 
oncology fi eld with Hardes et al. reporting a 
reduction in infection rates from 17.6 % in a con-
trol group to 5.9 % in the silver coated group 
[ 91 ]. The same study also demonstrated that fol-
lowing infection, an amputation was necessary in 
38.5 % of those with an uncoated prosthesis com-
pared to none in the silver coated group. 

 In our series of eight patients with 
unsalvageable, multiply revised TKA for 
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infection, with an average fi ve previous proce-
dures, at a mean follow up of 16 months (range 
5.2–35.5 months), we have had no patients’ prog-
ress to amputation (Fig.  22.5 ). One patient 
required re-admission, 30 days following SCA 
nail insertion, due to recurrent deep infection, 
which was managed successfully with further 
debridement. One patient developed a superfi cial 
wound infection, which was successfully treated 
with incision, drainage and delayed wound clo-
sure. At latest follow-up, the mean Oxford Knee 
Scores (OKS) was 25.6, a vast improvement on 
the mean pre-operative OKS of 16.7. Although 
early in the follow-up period, and only a rela-
tively small group size, the use of an SCA nail for 

knee arthrodesis may be a promising step for-
ward in reducing the rate of deep infection and 
subsequent AKA.

       Conclusion 

 Although the multiply infected unsalvageable 
TKA remains a challenging scenario for the 
orthopaedic surgeon, knee arthrodesis remains 
a viable management option over AKA where 
possible. There are a number of techniques 
available to achieve arthrodesis, and although 
IM nailing is currently the most popular, alter-
native strategies exist if this is not possible. As 
with any surgical treatment, complications 
occur, and in the case of arthrodesis, the failure 

a

d e

cb

  Fig. 22.5    The case of a 65-year-old patient who 
underwent combined primary TKA and extra-articular 
osteotomy for correction of a varus malunion following a 
tibial diaphyseal fracture ( a ,  b ). The patient went on to 
develop a PJI following union of the osteotomy ( c ) which, 
due to the poor condition of the soft tissue envelope of the 

proximal tibia, was treated by two-stage revision with an 
interval static antibiotic loaded cement spacer ( d ) and 
subsequent reimplantation with a silver coated arthrodesis 
nail ( e ). The patient remains free of infection and has 
returned to a high level of function       
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to eradicate infection inevitably results in the 
need to consider AKA. Functionally, limb sal-
vage with knee fusion has consistently been 
shown to confer greater functional outcomes 
when compared with AKA. The use of silver 
coated prostheses has shown promise in ortho-
paedic oncology, and the addition of silver to 
an arthrodesis nail, in our own experience, 
shows promise in preventing progression to 
amputation. As the number of TKAs per-
formed worldwide increases, the incidence of 
unsalvageable multiply revised TKAs is also 
likely to increase. Therefore, the effective 
management of the unsalvageable, multiply 
revised, infected TKA will no doubt become a 
more pressing issue in the future.     
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      Late Infections of the Knee Joint: 
Two-Stage Articulating Solutions                     
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    Abstract  

  Two-stage exchange is the gold standard for the treatment of chronic total 
knee arthroplasty (TKA) infections in North America. Cement spacers 
impregnated with high- dose antibiotics have successfully been utilized in 
the interim period of the two-stage exchange. A number of non-articulating 
and articulating spacers have been described. With an intact extensor 
mechanism, a reasonable soft-tissue envelope, and adequate bone, 
articulating antibiotic spacers provide several advantages. These include 
an infection eradication rate of approximately 90 %, a higher range of 
motion after reimplantation, and lower complication rates when compared 
with non-articulating spacers. In the appropriate patient, articulating 
antibiotic spacers are an effective and a safe treatment choice in the two- 
stage exchange process for infected TKAs.  

  Keywords  

  Total knee arthroplasty (TKA)   •   Periprosthetic joint infection (PJI)   •   Two-
stage exchange   •   Articulating antibiotic spacer   •   Non-articulating antibi-
otic spacer  

      Introduction 

 Total knee arthroplasty (TKA) is one of the most 
successful procedures, with excellent pain relief 
and good functional outcomes [ 1 – 3 ]. However, 

there are still perioperative complications that 
occur and can be very diffi cult to manage. 
Periprosthetic joint infection (PJI) is one of the 
most devastating and expensive complications, 
occurring in 1–2 % of TKAs [ 4 – 7 ]. It is one of 
the top three reasons for TKA failures, account-
ing for up to 40 % of all revision TKAs [ 8 – 12 ]. 

 Two-stage exchange for infected TKAs was 
fi rst described in the early 1980s, and is now con-
sidered the gold standard for treatment of chronic 
PJI in North America. In 1983, Insall et al. [ 13 ] 

        O.  B.   Nikolaus ,  MD      •    M.  P.   Abdel ,  MD      (*)
  Department of Orthopedic Surgery ,  Mayo Clinic , 
  200 First Street SW ,  Rochester ,  MN   55905 ,  USA   
 e-mail: nikolaus.oliver@mayo.edu; Abdel.Matthew@
mayo.edu  

  23

mailto:nikolaus.oliver@mayo.edu
mailto:Abdel.Matthew@mayo.edu
mailto:Abdel.Matthew@mayo.edu


268

reported on 11 two-stage revisions for infection, 
with no recurrence of the original organism. 
However, one patient did have an acute hematog-
enous infection with a different organism. While 
the component resection and joint debridement 
helped eradicate the infection, the knee in the 
interim was usually painful, with limited weight 
bearing and motion allowed. Reimplantation was 
frequently diffi cult given the poor bone quality 
and the degree of adhesions that formed in the 
knee joint between stages. In addition, the deliv-
ery of antibiotics to the local tissues was diffi cult 
given the debridement of the vascular synovium. 

 To address these issues, antibiotic-impregnated 
polymethylmethacrylate (PMMA) cement spacers 
were introduced into the joint during the exchange 
interval. The fi rst usage of these were non-articu-
lating spacers, which included antibiotic-impreg-
nated PMMA beads, followed by spacer blocks 
[ 14 – 16 ]. The main advantage of these spacers was 
the local delivery of high-dose antibiotics [ 17 ]. In 
addition, non-articulating spacers had the potential 
benefi t of maintaining the joint space by preserv-
ing the tension on the collateral ligaments and sur-
rounding soft-tissues, preventing contracture 
formation for the subsequent reimplantation. 
Moreover, the non- articulating spacer blocks 
helped maintain bone stock. However, a number of 
problems occurred with the block spacers, includ-
ing quadriceps shortening, arthrofi brosis, extensor 
mechanism disruptions, spacer block migration, 
signifi cant bone loss, and diffi culty with exposure 
secondary to joint contractures [ 18 – 23 ]. In addi-
tion, patients had functional diffi culties with a 
knee locked in near full extension during the inter-
val period [ 18 ,  24 ]. 

 To overcome these disadvantages, articulating 
spacers were popularized in the mid-1990s [ 25 ]. 
Since then, there have been a number of different 
articulating spacers described in the literature, 
including cement-on-cement, cement-on- 
polyethylene, and metal-on-polyethylene 
articulations. The potential advantages of these 
articulating spacers are (1) a preserved joint 
space allowing for delivery of high-dose 
antibiotics to the local tissues, (2) a mobile knee 
with greater range of motion, (3) partial weight 
bearing and greater patient comfort during the 

exchange period, and (4) an easier reimplantation 
due to the reduced incidence of quadriceps and 
ligament contractures, reduced arthrofi brosis, 
and minimal bone loss [ 18 ,  24 ,  26 ,  27 ].  

    Indications and Contraindications 

 The primary indication for the use of an 
articulating spacer is the treatment of a chronic 
periprosthetic knee infection in patients with 
adequate bone stock (Anderson Orthopaedic 
Research Institute [AORI] [ 28 ] Classifi cation 
Type 2A or less), an intact extensor mechanism, 
and an adequate soft-tissue envelope. In addition, 
an articulating spacer can be utilized as the fi rst 
stage in a planned two-stage primary TKA to 
treat patients with recalcitrant native septic 
arthritis with secondary end-stage joint 
destruction. 

 The absolute contraindication for use of an 
articulating spacer is the lack of an intact extensor 
mechanism. Relative contraindications include 
severe bone loss (AORI Type 2B or greater), 
large soft tissue defects such as those requiring 
fl ap coverage, morbid obesity, collateral ligament 
insuffi ciency, non-compliant patients, and 
previous failure of a two-stage revision for 
chronic PJI [ 27 ].  

    Articulating Antibiotic- 
Impregnated Spacer Techniques 

 There are a number of different possible 
techniques that have been described for 
articulating spacers. These can be classifi ed 
largely into three different groups based on the 
articulating surfaces in each implant: 
 cement-on- cement, cement-on-polyethylene, and 
metal-on-polyethylene. 

 Cement-on-cement femoral-tibial articulations 
have been effective in infection eradication [ 18 , 
 29 ,  30 ]. However, there is not a consensus on the 
best technique to produce a cement-on-cement 
spacer, leading to a number of different 
techniques. The fi rst type can be classifi ed as a 
customized cement spacer. These spacers are 
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built and fi tted to the host bone, and then the 
components are molded and customized with a 
high-speed burr to shape the spacer into functional 
articulating components [ 29 ,  31 – 33 ]. Another 
type of cement-on-cement spacer allows for 
intraoperative molding. Some authors have 
reported using heavy aluminum foil to make a 
mold of the bony ends to better match the bony 
defects [ 34 ]. Others have reported on the use of 
the articulating portions of the resected femoral 
and tibial components to make custom molds of 
different materials such as bone cement [ 35 ,  36 ] 
or a putty matrix composed of polydimethyl 
siloxane and silica [ 37 ]. There are also studies 
that use metal molds [ 18 ,  38 ], polypropene molds 
[ 39 ], and silicone molds [ 40 ]. A third technique 
involves utilizing commercially available 
intraoperative molds such as the StageOne Spacer 
Mold (Biomet Orthopaedics, Inc; Warsaw, IN) 
[ 30 ,  41 ,  42 ]. The last type of cement-on-cement 
articulating spacer involves using femoral and 
tibial components that are manufactured in the 
factory, coming pre-formed as an ultracongruent 
condylar knee prosthesis design made exclusively 
of acrylic cement impregnated with gentamicin 
and/or vancomycin antibiotics (InterSpace Knee, 
Exactech Inc., Gainesville, FL; Spacer-K, 
TECRES S.P.A, Verona, Italy). These cement 
spacers have been approved by the United States 
(US) Food and Drug Administration (FDA) for 
use in two-stage exchanges for infected TKAs. 
However, the dosage of gentamicin in these 
components ranges from 0.8 to 1.7 g per 40 g of 
cement, which is well below the recommended 
dose of 3.6 g of gentamicin per 40 g of cement 
[ 27 ,  43 ]. Regardless, such spacers have been 
biomechanically tested to verify that they were 
adequate for clinical use [ 44 – 48 ]. 

 Independent of the type of cement-on-cement 
spacer utilized, all have the advantage of a large 
surface area of antibiotic impregnated cement 
being exposed to the knee tissues. They also have 
the distinct advantage of allowing for adjustable 
antibiotic dosing, adding a combination of 
antibiotics, and the ability to add an anti-fungal 
agent if desired [ 21 ]. However, they also have the 
potential mechanical problems of increased wear 
debris and fragmentation from a high coeffi cient 

of friction with cement-on-cement articulation. 
In addition, cement-on-cement articulations in 
the knee cannot provide the stability of a 
posterior-stabilized (PS) post [ 49 ]. Another 
disadvantage of customized and intraoperatively 
molded spacers is that they require additional 
time in the operating room to construct [ 21 ]. 

 The second group of articulating spacers is 
that with a cement-on-polyethylene articulation. 
There is only one study that has described this 
technique [ 49 ]. In this study, the authors report 
use of a handmade cement femoral component or 
a disposable femoral mold to make a cement 
femoral component. Then, a stemmed PS all- 
polyethylene tibial component is covered in 
cement. 

 The third, and most popular, group of 
articulating spacers is that of a metal-on- 
polyethylene construct. Hofmann et al. [ 25 ] 
introduced this technique in 1995. This technique 
involved sterilization and reimplantation of the 
original femoral component. The sterilized femo-
ral component and a new tibial polyethylene 
insert were then fi xed with high-dose antibiotic 
impregnated cement. However, most institutions 
in the US now limit the use of a previously steril-
ized femoral component. As such, the most com-
mon technique is opening a new, sterile femoral 
component that is similar in size to the one 
removed along with a tibial polyethylene insert 
without its tibial tray, both being cemented in 
place with high-dose antibiotic impregnated 
cement [ 50 ,  51 ]. Another technique involves the 
prosthesis of antibiotic-loaded acrylic cement 
(PROSTALAC) knee spacer system (DePuy; 
Warsaw, IN). This system includes separate fem-
oral and tibial components composed of antibi-
otic impregnated cement. In addition, it features a 
bi-compartmental stainless steel femoral compo-
nent that articulates with a PS polyethylene tibial 
component [ 52 ,  53 ]. A similar technique was 
recently reported by Carulli et al. [ 54 ] with two 
Oxford III unicompartmental implants (Biomet) 
along with the StageOne Spacer Mold system 
(Biomet). The advantage of using a metal-on-
polyethylene articulating spacer is that the articu-
lating surface is much smoother. It also allows for 
adjustable antibiotic dosing, adding a combina-
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tion of antibiotics, and the ability to add an anti-
fungal agent if needed [ 21 ]. By using a new 
femoral component and tibial insert, the surgeon 
can save time in the operating room and can also 
improve overall stability by being able to use 
more constraint such as posterior stabilized com-
ponents. However, this can limit the available 
antibiotic impregnated cement surface area, 
which is important for antibiotic elution from the 
cement. It also places exposed metallic and poly-
ethylene surfaces in a contaminated wound, 
which can be worrisome for further infection risk 
[ 49 ]. In addition, using all new components is 
more expensive than some of the other techniques 
[ 55 ].  

    Authors Preferred Technique 
and Tips 

 The senior author’s (MPA) preferred technique 
for an articulating spacer is a metal-on- 
polyethylene articulation with the use of a new 
femoral component and a new tibial polyethylene 
insert, both cemented in place with high-dose 
antibiotic impregnated cement. This technique is 
simple and reliable, while allowing for delivery 
of high-dose local antibiotics, preserving knee 
motion and patient function during the interven-
ing period, and allowing ease of exposure during 
reimplantation. 

 After removing the femoral, tibial, and patel-
lar components, it is essential to complete an 
aggressive irrigation and debridement, including 
removal of all foreign bodies and debris. This 
includes all cement from the prior arthroplasty, as 
well as any non-viable bone and soft-tissues 
down to a bleeding surface. All bony surfaces on 
the femur and tibia are freshened. A trial femoral 
component is then placed on the femur, and trial 
inserts are placed in the knee to determine which 
size is most optimal to allow full extension and 
fl exion to approximately 120°, with varus-valgus 
stability throughout the arc of motion. After a 
thorough repeat irrigation and debridement and 
gentle trialing, the femoral and tibial canals are 
gently reamed to bleeding bone. Data has shown 
that in an infected TKA, the infection can exist in 

the intramedullary canals in up to one-third of the 
patients [ 56 ]. However, excessive reaming to 
cortical bone is avoided, as this does not allow for 
appropriate cementation at the reimplantation. 

 Due to the possible colonization of the 
intramedullary canals, we prefer to use high-dose 
antibiotic impregnated cement dowels in both the 
intramedullary canals. These can be easily fash-
ioned by using the nozzles of two cement guns. 
Since each cement gun nozzle holds approxi-
mately 20 g of cement, one 40 g pack of cement 
with 3 g of vancomycin and 3.6 g of gentamicin 
is mixed with methylene blue to create two 
tapered cement dowels (Fig.  23.1 ). A nipple is 
fashioned at the end of each dowel to prevent 
migration. Intramedullary beads can be extremely 
diffi cult to remove at the time of reimplantation. 
In our opinion, there is no role for such beads in 
the management of patients with chronic PJI.

   After a thorough irrigation and debridement 
and placement of the intramedullary dowels 
(Fig.  23.2 ), the articulating spacer can be formed. 
It is our preference to cement in two steps. In the 
fi rst step, one batch of cement with 3 g of vanco-
mycin and 3.6 g of gentamicin, along with methy-
lene blue, is used to coat the tibial surface and 
condylar surface of the femur where the femoral 
component will rest. If anti-fungal coverage is 
required, 150 g of amphotericin b is added to each 
40 g batch of cement. It is important to note that it 
can be quite diffi cult to mix this amount of antibi-
otic and cement powder. To facilitate this, it is 
important to fi rst form the liquid cement by mix-
ing the polymethylmethacrylate monomer and 
powder together before adding the antibiotic pow-
der. In addition, to help facilitate with antibiotic 
elution, it is acceptable to leave many of the large 
antibiotic crystals intact so that the cement is 
more porous [ 43 ].

   Small divots are then made in the cement 
while it is curing (Fig.  23.3 ). This fi rst round of 
cement allows for macro-interdigitation, rather 
than micro-interdigitation, facilitating removal of 
the cement at the time of reimplantation.

   In the meantime, the real femoral component 
and polyethylene insert are opened based upon pre-
vious trialing. The back surface of the polyethylene 
is then scored with a high-speed burr (Fig.  23.4 ). 
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Once the cement is hardened, the second round of 
cement is mixed with the same proportions of 
PMMA and antibiotics as described above. The 
femur should be cemented fi rst, followed by the 
polyethylene insert (Fig.  23.5 ). The tibial insert 
should be inserted in place perpendicular to the 
long axis of the tibia and in line with the tibial crest 
for rotation. Additional cement is used to build up 
to the articular surface of the polyethylene insert 
(Fig.  23.6a, b ).

     The knee is then thoroughly irrigated with 
diluted Betadine [ 57 ] and normal saline via the 
pulsatile lavage. Two intra-articular drains are 
placed, and usually removed on postoperative 
day one. The arthrotomy is closed with large 
absorbable monofi lament sutures, and the sub-
dermal layer is closed with smaller absorbable 
monofi lament sutures. The dermal layer is then 
closed with interrupted vertical mattress sutures 
with a non-absorbable monofi lament suture and 
Dermabond (Ethicon Inc; Somerville, NJ, 
USA). It is of the utmost importance to obtain a 
watertight closure with good apposition of the 
skin edges to ensure adequate soft tissue and 
wound healing. 

 The postoperative regimen allows patients to 
be out of bed on the day of surgery, and partial 
weight bearing on postoperative day one. In the 
vast majority of cases, gentle range of motion is 
initiated on postoperative day one. Patients are 
typically treated with 6 weeks of organism- 
specifi c IV antibiotics based upon cultures and 
sensitivities. Throughout this course, infl am-
matory markers are followed, including the 
C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR). If improving, antibiotics 
are discontinued at 6 weeks. Patients are then 
seen in three additional weeks (i.e., at the 
9-week postoperative visit), for a repeat clinical 
evaluation with CRP and ESR labs. If the 
patient remains asymptomatic and the exam is 
benign, combined with improved or normalized 
infl ammatory markers, reimplantation is sched-
uled in three additional weeks (i.e., at 12 weeks 
from the resection). Patients are seen the day 
prior to surgery for a repeat CRP and ESR. Of 
note, it is important to work closely with an 
orthopedic infectious disease specialist to 
ensure appropriate and adequate antibiotic 
coverage.  

  Fig. 23.1    Intramedullary dowels are made utilizing two cement gun nozzles, one 40 g bag of bone cement, 3 g of 
vancomycin, 3.6 g of gentamicin, and methylene blue       
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    Outcomes 

 Articulating spacers were originally introduced 
to overcome the functional diffi culties that were 
seen with non-articulating cement spacers. This 
led to the development of a number of different 
types of articulating spacers, which showed 
infection eradication rates between 88 and 100 % 
[ 18 ,  29 ,  32 – 34 ,  39 ,  40 ,  42 ,  45 ,  49 ,  52 ,  53 ,  58 – 62 ]. 
While there have not been any published 
randomized trials comparing non-articulating 
and articulating spacers, there have been a 
number of published comparative studies 
(Table  23.1 ).

   Fehring et al. [ 18 ] compared 25 patients with 
non-articulating static block spacers to 30 
patients with articulating all-cement spacers. 
Static spacers showed an infection eradication 
rate of 88 % versus 93 % for the articulating 

spacer group. The difference was not statistically 
signifi cant. In addition, they did not show any 
difference in clinical scores, range of motion, or 
need for extensile exposures between the two 
groups. However, they did show that 15 (60 %) of 
the patients who had a non-articulating spacer 
developed either femoral or tibial bone loss as a 
result of the block spacer. This is in contrast to 
the patients with an articulating spacer who did 
not develop any bone loss. Similarly, Emerson 
et al. [ 24 ] compared 22 patients treated with a 
non-articulating static spacer with 22 patients 
treated with an articulating spacer (re-sterilized 
original femoral component with polyethylene 
tibial insert). The static spacer group had their 
surgical procedures performed prior to 1995, 
while the articulating spacer group had the 
surgical procedures performed after 1995 due to 
a change in practice. Due to this timing differ-
ence, the non-articulating group has a longer fol-

  Fig. 23.2    After a thorough irrigation and debridement, 
including intramedullary reaming, intramedullary dowels 
with high-dose antibiotics are placed. The nipples on the 
end of the dowels allow for easier extraction and prevent 
migration       

  Fig. 23.3    The fi rst stage of the cementation process 
includes coating the tibial plateau and condylar surfaces 
of the femur with an additional 40 g batch of cement, 3 g 
of vancomycin, 3.6 g of gentamicin, and methylene blue       
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low-up than the articulating spacers, mandating 
shorter reported infection eradication rates at 
3.6 years. The authors found that static spacers 

showed an infection eradication rate of 92 % for 
non- articulating spacers versus 91 % for articu-
lating spacers (not statistically signifi cant). 
However, the articulating spacer group did have a 
statistically signifi cant increase in knee fl exion 
(108° vs. 94°, respectively;  p  = 0.01). 

 Chiang et al. [ 63 ] also reported on a 
comparison of articulating and non-articulating 
spacers in patients with methicillin-resistant 
S taphylococcus aureus  (MRSA) and methicillin- 
resistant coagulase-negative Staphylococcus 
(MRCNS). Twenty-two patients treated with 
non-articulating block spacers were compared to 
23 patients who were treated with an articulating 
all cement spacer (intraoperatively molded with 
specially made molds fabricated from a putty 
matrix composed of polydimethyl siloxane and 
silica). There were 19 cases of MRSA and four 
cases of MRCNS in the articulating spacer group, 
compared to 20 cases of MRSA and two cases of 
MRCNS in the non-articulating spacer group. 
The articulating spacer group only had one 
reinfection, giving an infection eradication rate 
of 96 % compared to 91 % in the static group (not 
signifi cant). They did, however, show that the 
functional results at a mean of 40 months after 
surgery were signifi cantly better with the 
articulating spacer group with better HSS scores 
and increased postoperative motion (113° vs. 
85°, respectively;  p  = <0.05). The non-articulating 
group also required more extensile approaches 
upon reimplantation, requiring six quadriceps 
snips and 1 V-Y turndown, while the articulating 
group did not require any such extensile 
approaches. In addition, they also reported that 
the patient satisfaction rate during the interim 
stage of the two-stage revision was signifi cantly 
higher for the articulating group. In summary, 
this study showed similar infection eradication 
rates in resistant organisms, but improved 
functional outcomes with articulating spacers. 

 In comparing the literature, it is apparent that 
articulating spacers are at least as effective in 
infection eradication as non-articulating spacers. 
However, there is no consensus on how 
articulating spacers should be made. There are 
cement-on-cement, cement-on-polyethylene, and 
metal-on-polyethylene articulating spacers. The 
largest amount of clinical data available thus far 

  Fig. 23.4    The undersurface of the polyethylene insert 
should be scored with a high-speed burr to allow for 
cement interdigitation       

  Fig. 23.5    The second stage of the cementation process 
includes cementing the femoral component and 
polyethylene insert onto the prior cement mantle. This is 
completed with a third batch of cement using the 
previously noted proportions       
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involves the metal-on-polyethylene group. 
Hofmann et al. [ 25 ] fi rst reported a technique in 
1995 that involved the sterilization and 
reimplantation of the removed femoral 
component along with a new polyethylene tibial 
insert. The original study reported on 26 patients 
who underwent two-stage revision for TKA 
infection with this technique for the interim 
articulating spacer. There were no reinfections in 
these original 26 patients at a mean follow-up of 
31 months. The authors then reported an update 
of their results in 2005 [ 60 ]. They analyzed a 
total of 50 patients and reported an infection 
eradication rate of 88 % with a mean of 74 months 
of follow-up. These infections occurred at an 
average of 35 months after reimplantation. There 
have also been a number of other studies that 
have reported results with articulating spacers 
using this particular technique (Table  23.2 ). Lee 
and Choi [ 64 ] reported a 95 % infection 
eradication rate at a mean follow-up of 65 months, 

and they also showed that these patients had 
signifi cantly improved Knee Society scores after 
reimplantation. Anderson et al. [ 58 ] also reported 
a 96 % infection eradication rate at a mean 
follow-up of 54 months using the technique 
described by Hofmann et al. [ 25 ].

   Another similar metal-on-polyethylene 
articulating spacer technique uses a new femoral 
component rather than sterilizing and 
reimplanting the removed femoral component. 
Scott et al. [ 65 ] reported the use of a sterile 
femoral component in conjunction with 
implanting strings of antibiotic-impregnated 
cement beads. After insertion of the cement 
beads into any open medullary canal, tissues, and 
the knee joint itself, a sterile knee prosthesis was 
loosely inserted to act as the spacer. There was no 
reinfection in the group of seven patients in this 
study. There have since been other studies that 
have reported their outcomes with the use of a 
new femoral component in an articulating spacer. 

a b

  Fig. 23.6    ( a ) Anteroposterior (AP) and ( b ) lateral radiographs of a 56-year-old male with an infected right revision total 
knee arthroplasty status post resection arthroplasty and placement of an articulating antibiotic spacer       
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   Table 23.1    Literature comparison of articulating and non-articulating spacers   

 Study 
 Type of 
spacer 

 No. of 
spacers 

 Follow-up 
(months) 
 No. (range) 

 Infection 
eradication rate 
 No. (%)  Outcome 

 Choi et al. [ 70 ]  AS  14 (M/PE)  43 (17–102)  10/14 (71 %)   ROM Post- Reimplantation:  NAS = 97 
vs. AS = 100 
  Clinical Outcomes : NR 
  Extensile Approaches : NAS = 75 % 
vs. AS = 29 % 
  Other:  28 % of AS chose to forego 
second stage reimplantation 

 NAS  33  63 (14–118)  22/33 (66 %) 

 Fehring et al. 
[ 18 ] 

 AS  15 (C/C)  27 (24–36)  14/15 (93 %)   ROM Post- Reimplantation:  NAS 98 
vs. AS 105 
  Clinical Outcomes:  HSS scores NAS 
84 vs. AS 83 
  Extensile Approaches:  No difference 
  Other:  60 % w/NAS had signifi cant 
bone loss a  

 NAS  25  36 (24–72)  22/25 (88 %) 

 Hsu et al. [ 39 ]  AS  21 (C/C)  58 (27–96)  19/21 (91 %)   ROM Post- Reimplantation:  NAS = 78 
vs. AS = 95 a  
  Clinical Outcomes:  KSS for 
NAS = 81.4 vs. AS = 88.9 a  
  Extensile Approaches:  NAS = 28 % 
vs. AS = 5 % 
  Other:  NAS = 100 % had bone loss 
vs. AS = 28.7 % had femoral bone 
loss and 47.6 had tibial bone loss; 
NAS had larger bony defects than 
AS a  

 NAS  7  101 (63–120)  6/7 (86 %) 

 Emerson et al. 
[ 24 ] 

 AS  22 (M/PE)  46 (31–77)  20/22 (91 %)   ROM Post- Reimplantation:  
NAS = 93.7 vs. AS = 107.8 a  
  Clinical Outcomes:  NR 
  Extensile Approaches:  No difference 

 NAS  26  90 (34–153)  24/26 (92 %) 

 Johnson et al. 
[ 68 ] 

 AS  34 (C/C 
and M/PE) 

 27 (12–72)  28/34 (83 %)   ROM Post- Reimplantation:  NAS = 95 
vs. AS = 99 
  Clinical Outcomes:  KSS for 
NAS = 84 vs. 83 
  Extensile Approaches:  NR 
  Other:  12 % of AS had mechanical 
failure of spacer vs. 0 % for NAS 

 NAS  81  66 (12–121)  67/81 (83 %) 

 Park et al. [ 71 ]  AS  16 (C/C)  29 (24–45)  15/16 (93 %)   ROM Post- Reimplantation:  NAS = 92 
vs. 108 a  
  Clinical Outcomes:  HSS scores 
NAS = 80 vs. AS = 87 a ; KSS 
functional scores NAS = 42 vs. 
AS = 76 a  
  Extensile Approaches:  NAS = 15 
procedures vs. AS = 11 procedures 
  Other:  NAS = 75 % had either 
femoral or tibial bone loss vs. 
AS = 0 % had bone loss 

 NAS  20  36 (24–62)  17/20 (85 %) 

 Freeman et al. 
[ 59 ] 

 AS  48 (C/C)  62 (26–120)  44/48 (92 %)   ROM Post- Reimplantation:  NR 
  Clinical Outcomes:  KSS function 
scores NAS = 58 % vs. AS = 36 % 
good to excellent scores and 
NAS = 42 % vs. AS = 64 % fair to 
poor scores a  
  Extensile Approaches:  NR 

 NAS  28  87 (24–196)  25/28 (91 %) 

(continued)
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Prasad et al. [ 51 ] evaluated 60 patients who 
underwent a resection arthroplasty with insertion 
of an articulating spacer, where the spacer con-
sisted of a new femoral component and a new 
tibial rotating platform polyethylene insert that 
was used as the tibial component. This specifi c 
tibial insert was chosen because the rotating 
platform portion can serve as the “keel” to add 
more stability to the tibial component. These 
components were cemented into place with a 
double mix of Palacos cement with gentamicin 
(Palacos R; Zimmer, UK) with the addition of 1 g 
of vancomycin per mix. Thirty-four of these 
patients (57 %) actually underwent the full two- 
stage revision, while the remaining 26 patients 
(43 %) opted out of the second stage of the 
procedure. At a mean follow-up of 60 months, 
there were two reinfections among the 34 patients 
who underwent reimplantation (94 % infection 
eradication rate). There were three reinfections 
among the 26 patients at an average follow-up of 
48 months who had elected to not undergo the 
second stage reimplantation (89 % infection 
eradication rate). The difference in these 
eradication rates was not statistically signifi cant. 
There were also two additional patients in the 
latter group who underwent subsequent revision 
surgery due to instability. Trezies et al. [ 50 ] 
reported on 11 patients where they used this 
technique of a new femoral component and tibial 
insert for the articulating spacer. Of the 11 
patients, there was one reinfection (91 % 
eradication rate). They also had an even higher 

rate of patients choosing to forego the second 
stage of the procedure, with 8 of the 11 (73 %) 
choosing this option. 

 Both Prasad et al. and Trezies et al. studies 
had high rates of patients choosing to forgo the 
second-stage surgery of reimplantation. These 
patients opted not to have the second procedure 
because they were free of infection and they had 
a functional and pain-free knee with the interim 
prosthesis. Another study by Choi et al. [ 66 ] 
looked specifi cally at the fate of the unplanned 
retention of the articulating spacers for infected 
total hip and knee arthroplasty. There were 18 
hips and knees in this study where the articulat-
ing spacers were retained. Sixteen of these 
patients chose to forgo the second-stage revi-
sion surgery because they were happy with the 
painless and functional spacer, while the other 
two patients could not undergo the second stage 
due to poor general health. There were seven 
retained knee metal-on-polyethylene spacers 
among this group. There was one knee articulat-
ing spacer that developed loosening at 50 months 
follow-up. The spacer was replaced by a 
cemented TKA revision. The remaining six 
knees had an average Knee Society score of 92 
for the knee score and 88 for the function score 
at an average of 43 months. While it is not the 
standard practice to leave the articulating spacer 
in place for the long term, this study along with 
the studies from Prasad et al. and Trezies et al. 
show that this can be an option for a particular 
group of patients. 

Table 23.1 (continued)

 Study 
 Type of 
spacer 

 No. of 
spacers 

 Follow-up 
(months) 
 No. (range) 

 Infection 
eradication rate 
 No. (%)  Outcome 

 Chiang et al. 
[ 63 ] 

 AS  23 (C/C)  41 (24–61)  22/23 (96 %)   ROM Post- Reimplantation:  NAS = 85 
vs. AS = 113 a  
  Clinical Outcomes:  HSS scores for 
NAS = 82 vs. 90 a  
  Extensile Approaches:  NAS = 32 % 
vs. AS = 0 % 
  Other:  NAS = 33 % had patella baja 
at last f/u vs. AS = 0 %; Satisfaction 
rate was NAS = 32 % vs. AS = 91 % a  

 NAS  22  40 (24–59)  21/22 (95 %) 

   a Statistically signifi cant;  AS  articulating spacer,  NAS  non-articulating spacer,  ROM  range of motion,  HSS  hospital for 
special surgery,  KSS  knee society score,  NR  not reported,  C / C  cement-on-cement articulating spacer,  M / PE  metal-on- 
polyethylene articulating spacer  
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 While there are several different options for 
articulating spacers, there are very few studies 
that directly compare the different types of articu-
lating spacers [ 55 ,  67 ]. Kalore et al. [ 55 ] reported 
the results for three different articulating spacer 
techniques in fi fty-three knees. Fifteen patients 
had the re-sterilized femoral component with a 
new polyethylene insert spacer, 16 patients had a 
new femoral component with a new polyethylene 
insert spacer, and 22 patients had a cement-on-
cement articulating spacer that was molded intra-
operatively with manufactured molds (StageOne 
Knee Cement Spacer Molds; Biomet). They make 
note that all of these techniques utilized three to 
four packs of bone cement with 4 g of tobramycin 
powder and 6 g of vancomycin powder. In addi-
tion, intramedullary cement dowel or beads were 
used in every patient. The overall reinfection rate 
was 9.4 % at a mean follow-up time of 39 months 
when using surgery for infection as the defi nition 
for reinfection. They found no difference in infec-
tions between the groups, with the re-sterilized 
component group having an infection eradication 
rate of 87 % at a mean follow-up of 73 months, 
while the new component group and the silicone 
molded cement-on-cement group had infection 
eradication rate of 91 % at 32 months. There was 
also no difference in range of motion between the 
three different techniques either just before reim-
plantation surgery or at the time of fi nal follow-
up. The mean fl exion achieved before 
reimplantation was 77° for the cement-on-cement 
group, 78° for the new component group, and 79° 
for the re-sterilized group. The mean fl exion seen 
at the time of fi nal follow-up in patients in whom 
the infection was controlled 96° for the cement- 
on- cement group, 98° for the new component 
group, and 94° for the re-sterilized group. They 
also performed a cost analysis where they looked 
at the direct costs of each technique that included 
the cement, antibiotics, along with the implant 
cost or the cost of the silicone molds. They 
reported that the total direct cost was $3945 for 
the cement-on-cement silicone molded technique, 
$3589 for the new component technique, and 
$932 for the re-sterilized technique. Overall, they 
found that no specifi c articulating spacer tech-
nique was superior to the others.  

    Complications 

 There are multiple reported complications of 
articulating spacers. These include spacer 
subluxation, spacer dislocation, arthrofi brosis, 
arthrodesis, extensor lag, extensor mechanism 
failure, fractured spacer components, amputation, 
periprosthetic fracture, wound healing 
complication, fl exion contracture, and instability 
[ 68 ]. However, the key is determining if such 
complications are related to the complex nature 
of treating deep PJI, and are mitigated by utilizing 
an articulating spacer. Several recent systematic 
reviews have compared complications occurring 
with articulating and non-articulating antibiotic 
impregnated spacers [ 26 ,  69 ]. When considering 
complications of any type, Guild et al. [ 26 ] 
reported that the articulating spacer group had 
statistically fewer adverse events than the non- 
articulating spacer group (16 % vs. 20 %; 
 p  = <0.04). However, when further analysis was 
performed specifi cally to assess the mechanical 
complications that could potentially be attributed 
to the spacer, there was no signifi cant difference 
between the two groups. Pivec et al. [ 69 ] broke 
the articulating spacers into complex and simple. 
They found that the non-articulating spacers did 
have a higher percentage of overall complications 
compared to the complex and simple articulating 
spacers, but this was not statistically signifi cant. 
It is also thought that many of the complications 
that are seen with articulating spacers, specifi cally 
the subluxations and dislocations, could be 
improved with better cementation technique 
when placing the articulating spacer [ 68 ].  

    Conclusion 

 Articulating spacers have been used in two-
stage exchange arthroplasties for the treat-
ment of infected TKAs for more than 
20 years. While there have not been any pub-
lished randomized controlled trials compar-
ing non-articulating and articulating spacers, 
there have been several comparative studies. 
In addition, there have been numerous studies 
during this time period that have reported on 
the effi cacy of the different techniques of 
articulating spacers. Based on the available 
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literature, articulating spacers have been 
shown to have equal infection eradication 
rates when compared to non-articulating spac-
ers. During the interim stage of the two-stage 
exchange, patients with articulating spacers 
have better function and higher satisfaction 
rates. They have also been shown to have 
improved range of motion at last follow-up 
after reimplantation. So while there is not a 
consensus in the literature that they are supe-
rior, they have at least been shown to be effec-
tive and safe to use in the two- stage exchange 
process when treating an infected TKA.     
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    Abstract  

  One- or two-stage revision procedures are currently the best options to eradicate 
peri-prosthetic joint infection of the knee while maintaining the best functional 
outcome. Alternatives are required when infection control or joint reconstruc-
tion fail. In this chapter, the current status of alternative solutions to revision 
surgery is discussed, from the prolonged, suppressive antibiotic therapy after 
debridement for medically impaired patients, to the salvage alternative surgical 
procedures. Among these, resection arthroplasty or amputation have limited 
indications and may not be well tolerated by most patients, which enhances the 
role of knee arthrodesis. Today, knee arthrodesis is confi ned to an alternative 
salvage procedure after previous attempts of one- or two-stage revision total 
knee replacement (TKR), in the presence of severe soft-tissue and bone defects, 
in patients who request functional limb salvage, will not accept amputation, and 
demand independent function. Surgeons must be aware of different external 
fi xator and intramedullary nail (IMN) devices, their published results, and the 
potentially high number of complications that may occur after these procedures. 
As defi nite bone healing is diffi cult to achieve due to poor status of the bone and 
soft tissues in the knee joint line, recent IMNs without the need for bone union 
at the fusion site may have to be considered, while research and innovation in 
these complex reconstructions may provide alternative future solutions.  

  Keywords  

  Chronic knee infections   •   Salvage procedures   •   Antibiotic suppression    
  Knee resection arthroplasty   •   Above-knee amputation   •   Knee arthrodesis    
  External fi xation   •   Uncemented intramedullary nailing   •   Cemented intra-
medullary nailing   •   Fusion after knee arthrodesis   •   Re-infection   

        E.   García-Rey ,  MD, PhD, EBOT      (*) 
   E.   Gómez- Barrena ,  MD, PhD      •    E.   García-Cimbrelo ,  MD, PhD      
  Department of Orthopaedic Surgery ,  Hospital La 
Paz-Idi Paz ,   Pº Castellana 261 ,  Madrid   28046 ,  Spain   
 e-mail: edugrey@yahoo.es; egomezbarrena@gmail.com; 
gcimbrelo@yahoo.es  

  24

mailto:edugrey@yahoo.es
mailto:egomezbarrena@gmail.com
mailto:gcimbrelo@yahoo.es


284

     Introduction 

 Total knee replacement (TKR) is one of the most 
cost-effective procedures in terms of quality of life 
[ 1 ], including decreased post-operative mortality 
rates in the last years [ 2 ]. However, infection 
remains the most devastating complication [ 3 ]. To 
eradicate the infection, most patients require revi-
sion and removal of the prosthesis, affecting clinical 
outcome. To date, the rates of infection after revi-
sion TKR, a procedure that is also increasing nowa-
days, are higher than after primary TKR and results 
are usually poor. Despite improvements in surgical 
environment, technique and antibiotic prophylaxis, 
data from Registries show that during the last years, 
the rate of revision due to infection is not decreasing 
[ 4 ,  5 ]. As mentioned above, the increased incidence 
of primary and revision TKR in many countries 
also leads to a higher number of infection cases, 
particularly in immuno-compromised patients who 
are prone to infection [ 6 ]. Although mechanical 
reasons are the fi rst cause for revision surgery, in 
many tertiary centres infection is the most common 
etiology for revision TKR before or after 2 years 
from the primary procedure [ 7 ]. 

 Consequently, treatment is also different 
depending on the type and defi nition of the infec-
tion, physical activity and/or age of the patient, 
medical conditions (immune system, concomi-
tant drugs, the existence of diabetes, obsesity) 
and osteo-articular status (osteopenic bone, soft 
tissue status, instability).  

    Alternative Methods 
for Management in Chronically 
Infected Total Knee Replacement 

 Since the diagnosis of peri-prosthetic joint infec-
tion (PJI) may be diffi cult, the clinician must be 
alert in order to suspect the possible existence of 
infection. During the last years, different reported 
criteria help to identify PJI [ 8 – 12 ]. Once the infec-
tion is diagnosed, the removal of the prosthesis is 
the most preferred option of treatment due to the 
formation of biofi lm on the implant [ 13 – 18 ]. 
However, alternative treatments need to be consid-
ered in some patients. Prolonged suppressive ther-

apy with retention of the implant may be acceptable 
for some frail patients who cannot receive standard 
treatment because of concomitant medical co-mor-
bidity. A prolonged suppressive antibiotherapy, 
combined with prompt surgical debridement, may 
be indicated in selected patients, although compli-
cations related to antibiotic suppression are not low 
[ 19 ,  20 ]. Retention of the implant is controversial 
since the success rate for infection eradication can 
be very low and delay may affect a standard two-
stage procedure [ 21 ,  22 ]. Geurts et al. reported data 
on prosthesis retention if it was stable after deep 
post-operative or haematogenous PJIs, regardless 
of the interval from implantation or the duration of 
the symptoms [ 23 ]. They found good results with 
debridement and retention of the prosthesis in 
combination with local and systemic antibiotics, 
and emphasized the importance of starting treat-
ment within 4 weeks of symptom onset. They 
noted that symptom onset could be diffi cult to 
identify. They attributed their good results to the 
use of gentamicin-loaded beads (which were 
removed in a second operation after 2 weeks) or 
collagen, which are particularly useful as antibiotic 
carriers in TKR infections, even if they did not 
replace the polyethylene during debridement. Most 
authors, however, do not recommend this proce-
dure given the high rates of failure to eradicate 
infection [ 24 ]. 

 The incidence of an above-the-knee amputa-
tion (AKA) is low. Sierra et al. reported that the 
majority of AKAs were performed for reasons 
other than TKR complications. This means a rate 
of 0.14 % when AKA was done for causes 
related to TKR. However, 19 of the 25 were done 
due to an uncontrollable infection [ 25 ]. Although 
patients with a late infected TKR are relatively 
satisfi ed after AKA, functional outcome is poor. 
When an AKA is indicated, the presence of 
resistant or gram-negative microorganisms is 
frequent, and several failed surgical procedures, 
many medial co-morbidities, and wound healing 
problems are usually associated [ 26 ]. Other 
problems are in the relatively high mortality 
rates, and in the diffi culties some patients experi-
ence in fi tting AKA prosthesis. Although cus-
tom-made devices are offering more options 
during the last years, the functional results fol-
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lowing an AKA after an infected TKR are poor, 
including a low percentage of the patients been 
able to walk. 

 Patients with severe polyarticular disability 
and a late infected TKR may be treated with a 
resection arthroplasty of the knee (Fig.  24.1 ). 
This fi rst-stage procedure can eradicate infection, 
and although functional outcome is poor, some of 
them can walk [ 27 ]. If the patient does not toler-
ate the disability for daily activities, a secondary 
procedure like an arthrodesis can be performed. 
However, the functional outcome of resection 
arthroplasty is very poor, and energy consump-
tion is greater than in patients with an AKA [ 28 ]. 
Resection arthroplasty of the knee with a bolus of 
bone cement moulded to fi ll the remaining cavity, 
the so-called “beefburger” procedure, has also 
been described as an alternative to arthrodesis or 
AKA [ 29 ]. In a series of 13 patients followed for 
5 years, eight did not need any further surgery, 
three underwent a bone fusion and two an 
AKA. Although the results were not satisfactory, 

the procedure can solve infection in medically 
compromised patients [ 30 ].

       Arthrodesis of the Knee 

 Sir John Charnley’s fi rst description of the com-
pression arthrodesis of the knee showed good 
results in terms of bone union using two Steinmann 
nails connected by special screw- clamps tight-
ened under the compression force; this construct 
was placed within a Thomas’ splint as an external 
fi xation in order to prevent extension and fl exion 
forces [ 31 ]. He reported “compression is the sim-
ple impaction of cancellous surfaces until trabec-
ulae almost interdigitate” and hypothesized two 
possible mechanisms for this high compression 
force: a local transference of bone substance by 
cellular activity rather than chemical ossifi cation 
mechanisms, and the response of osteoblasts to 
the dynamic process of union secondary to com-
pression [ 32 ]. This compression method for 

  Fig. 24.1    Knee resection arthroplasty after recurrent infection. Note the need for knee orthoses       
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arthrodesis of the knee confi rmed good results in 
terms of bone consolidation reported by others 
[ 33 ]. The best results in terms of consolidation 
and functional results were associated with the 
Charnley method, particularly for the time needed 
for bone union. The functional results of a fused 
knee are important to remember. Although better 
physical activity and stability can be observed 
when comparing fusion with other salvage proce-
dures like amputation or a resection arthroplasty, 
sitting is more affected after a knee arthrodesis 
[ 34 ]. 

 When conventional management, the one- or 
two-stage revision TKR, for a chronic TKR has 
failed, knee fusion is probably the most accepted 
method for medically fi t patients. The functional 
results of the rarely indicated knee resection 
arthroplasty are poor as previously mentioned. 
The comparative results of above-the-knee- 
amputation and fusion for recurrent PJI after 
TKR are similar and the literature reports worse 
results for the latter in other pathologies like 
trauma and tumours. However, particularly for 
infection, a better function and satisfaction can 
be expected from a successful knee arthrodesis 
[ 35 ]. So, with the wide use of TKR, the most 
frequent indication for a knee arthrodesis may 
be as a salvage procedure after recurrent septic 
failure. Some conditions like severe bone loss, 
disorders of the extensor mechanism of the 
knee, repeated previous surgeries, multi-resis-
tant microorganisms and a stiff joint can be con-
sidered the current indications in many cases 
(Table  24.1 ). Most patients who may be suitable 
for a knee fusion have undergone several surger-
ies and usually require multiple medical treat-
ments since infection rates are higher in the 
presence of signifi cant co-morbidities. Poor 
skin and other local and general conditions may 
be apparent and compromise surgical outcome, 
thus a complete evaluation of the patient is com-
pulsory. Some systems like the Cierny classifi -
cation may be helpful at the beginning of the 
management and the local bone defect must also 
be evaluated [ 36 ]. For the latter, it is very impor-
tant to be sure that previous material has been 
removed, particularly TKR rather than a cement 
spacer, most of which are revised long implants 

and cemented devices and may signifi cantly 
increase the pre-operatively planned bone 
defect.

   Although many authors recommend perform-
ing arthrodesis in a two-stage procedure, fi rst 
extracting the material, debriding and placing a 
cement spacer during 4–6 weeks before the defi -
nite fusion surgery [ 37 – 39 ], others recommended 
this management depending on the bone defect 
[ 40 ], while, fi nally, other authors recommend 
arthrodesis in a one-stage procedure regardless of 
bone loss [ 41 – 43 ]. 

 Two different fi xation techniques are currently 
used: external fi xation (EF) and intramedullary 
nailing (IMN), internal fi xation with plates has 
been abandoned when infection is present. Mabry 
et al. reported a high number of complications for 
both EF and IMN procedures, but better union 
rates with the use of IMN, although with higher 
re-infection rates than external fi xation [ 44 ]. In 
their comparative study, 41 of 61 knees achieved 
fusion with external fi xation and a 4.9 % infection 
rate and 23 of 24 knees consolidate with IMN but 
with an infection rate of 8.3 %; nevertheless, the 
authors emphasized that although a knee 
arthrodesis is suitable as a salvage procedure for 
an infected TKR, the number of complications is 
high. Alternatively, Vlasak et al. recommended 
IMN due to better union rates, and six of their 
patients with non-union after external fi xation 
achieved consolidation with INM [ 45 ] 
(Table  24.2 ).

   Some of the early reports for knee arthrodesis 
following failed TKR included the use of external 

   Table 24.1    Current indications for arthrodesis after 
infected total knee replacement   

 Salvage procedure  Medically fi t patients 

 Patient’s refusal to other 
procedures 

 Microorganism  Multi-resistant gram positive 
bacteria 

 Gram negative 

 Polimicrobial 

 Osteoarticular status  Good hip status 

 Moderate-severe bone loss 

 Disruption extensor 
mechanism 

E. García-Rey et al.



287

fi xation as the most common method, particularly 
for infection revisions [ 46 ]. The use of an external 
fi xator is based on the compression mechanism 
developed by Charnley regardless of the type of 
device used, although better fusion rates can be 
expected after an external double frame [ 47 – 49 ] 
(Fig.  24.2 ). The use of the Ilizarov frame has also 
shown high union rates, without a need for bone 
grafting and success has been reported even in 
cases of an active chronic infection [ 40 ,  43 ,  50 ]. 
Although some of the disadvantages of this frame 
include the long treatment time, the need for 
patient cooperation, the complications related to 
pins, and the learning curve, circular external 
fi xation can correct misalignment of the leg and 
even allow lengthening during fusion to avoid 
leg-length discrepancies.

   IMN has the advantages of shorter treatment 
duration than external fi xation, and less leg length 
discrepancy. However, the infection must be eradi-
cated to obtain the femoro-tibial fusion. Good 
union rates with the use of long intramedullary 
nails have been reported if good contact is estab-
lished between bones [ 38 ]. Although the number 
of cases evaluated is not high in the different 

   Table 24.2    Different series for knee arthrodesis after failed total knee replacement   

 Authors  Number of cases  Fixation  Union rates  Remarks 

 Mabry et al. [ 44 ]  61  EF  67 %  Better re-infection rates 

 24  IMN  95.8 %  Better union rates 

 Vlasak et al. [ 45 ]  13  EF  38 %  Two-stages procedure 

 12  IMN  100 % 

 Brodersen et al. [ 46 ]  40  EF  81 %  Recommend EF for infection 

 Knutson et al. [ 48 ]  7  EF  71.4 %  Two-stages procedure 

 10  IMN  90 % 

 Oostenbroeck and Van 
Roermund [ 43 ] 

 15  EF  93 %  Ilizarov one-stage procedure 

 Salem et al. [ 50 ]  21  EF  95.2 %  Ilizarov, no bone grafting 

 Puranen et al. [ 41 ]  33 (15 after 
failed TKR) 

 IMN  87.8 %  No infections 

 Ellingsen and Rand [ 51 ]  18  IMN  88.9 %  Frequent complications 

 Bargiotas et al. [ 38 ]  12  IMN  83.3 %  Two-stages, convex-to- concave 
preparation of bone ends 

 McQueen et al. [ 52 ]  44  IMN-C  100 %  3 infection, 20 % complication 
rate 

 Scarponi et al. [ 39 ]  38  IMN-M  –  89 % no –re-infected, no pain, 
no mechanical complications 

 Putman et al. [ 55 ]  31  IMN-M  –  19 % re-infected, no 
mechanical failures 

  Fig. 24.2    External fi xator (double frame) in an arthrod-
esis procedure (under compression)       
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series, most arthrodesis consolidated despite a 
relatively high number of re-interventions and a 
large amount of blood loss [ 38 ,  41 ,  51 ]. New intra-
medullary compression nails provided high union 
rates and were reported as reliable procedures with 
limited learning curves. However, the re-infection 
rate remains as major disadvantage for IMN [ 52 ]. 

 Cemented intramedullary modular nails have 
also been considered to salvage the limb in severe 
cases and can give acceptable functional results 
regardless of radiographic union [ 53 ]. The possi-
ble advantages are that bone union is not needed 
for a good result and there is less leg length dis-
crepancy. In a two-stage procedure, a cementless 
modular nail can be inserted after reaming in a 

press-fi t manner in both the femur and tibia, and 
linked at the knee joint line. Instead of bone 
grafting, antibiotic-loaded cement is inserted and 
a conventional partial weight- bearing regime can 
be started [ 39 ]. Although insuffi cient literature is 
available, a recent series of 22 cases proved its 
feasibility and effi cacy to maintain the limb when 
severe bone loss and soft tissue damage may pre-
clude bone fusion at the knee [ 54 ]. Our own 
experience confi rms the capacity of this tech-
nique to solve extremely complex cases 
(Fig.  24.3 ), particularly when the reconstruction 
occurs after cemented intramedullary fi xation of 
the revised prosthesis. Caution should be recom-
mended in that the risk of re-infection is always 

a b

  Fig. 24.3    Signifi cant bone loss after recurrent knee 
infection (revision of cemented stems in a constrained 
knee replacement), requiring a cemented intramedullary 

nail after the infection healed. ( a ) During spacer treatment 
after implant revision. ( b ) Three-year follow-up after 
implantation of cemented intramedullary device       
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present (3 cases out of 22 in the Neuerburg et al. 
series) and that stress shielding may impact in 
unloaded epiphyso- metaphyseal bone around the 
knee (Fig.  24.4 ), with unknown future conse-
quences. However, the eradication of infection is 
again the most important limitation [ 55 ] to date.

    Recently, very poor results using IMN for a 
knee arthrodesis after revision TKR were 
reported, half of the knees showed a persistent 
infection, and the incidence of pain and func-
tional impairment was high [ 56 ].  

    Final Remarks 

 Chronic, late infections of the knee may lead to 
treatment failures, particularly if a severe local 
compromise remains due to resistant microorgan-
isms and deteriorated tissues, and more often in 
frail patients with comorbidities further compro-
mised by infection. In these cases, alternative and 

salvage treatments will also be needed. Current 
experience on arthrodesis and salvage proce-
dures, reviewed in this chapter, will need rein-
forcement as the patients and the infections under 
treatment become more complex. Although bone 
fusion is not always possible, more proposals are 
required to combine limb salvage with durable 
solutions, while maintaining suffi cient function to 
allow independent stance and gait. More research 
and innovation will hopefully reinforce this area 
of diffi cult lower limb reconstruction techniques.     
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Late Infections of the Knee Joint: 
Local Antibiotic Treatment

Leo A. Whiteside

Abstract

Prolonged bactericidal levels of antibiotics are difficult to achieve in 
infected total joint arthroplasty when intravenous antibiotics or antibiotic- 
loaded cement spacers are used, but intra-articular delivery of antibiotics 
by means of an intra-articular cannula has been effective in several studies. 
This chapter describes a protocol for intra-articular delivery of antibiotics 
in infected knee arthroplasty, and summarizes the results of a pharmacoki-
netic study and two clinical follow-up studies of especially difficult groups 
(total knees infected with methicillin resistant Staphylococcus aureus or 
with failed two-stage revision). In the pharmacokinetic study, the mean 
synovial fluid vancomycin peak concentration was 9242 ± 7608 μg/mL 
(range of 3956–32,150 μg/mL) among the 11 patients studied. Significant 
serum concentration was achieved as well (4.2–25.2 μg/mL [mean, 
12.3 μg/mL]), which exceeded minimal inhibitory concentration. Success 
rate exceeded 95 % in the two challenging clinical groups. Intra-articular 
delivery of antibiotics is shown to be safe and effective, and should be 
considered as a first option for treatment of infected total joint 
arthroplasty.
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 Introduction

Revision for infected total knee arthroplasty 
(TKA) generally is performed in two stages, first
removing the infected implants and treating with 
antibiotics (usually through an antibiotic-loaded 
spacer), and then implanting the final components 
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6–12 weeks later [1–5]. High intra-articular (IA)
concentration of antibiotics is well accepted as 
essential for effective treatment of bacterial infec-
tions of joints. Antibiotics in polymethylmethac-
rylate cement spacers can produce fairly high 
concentrations of antibiotics in the knee joint, but 
the levels rapidly decrease during the first 3 days 
as the antibiotics leach from the surface layer of 
the cement spacer [4, 6, 7]. Intravenous (IV) 
administration of antibiotics also allows concen-
trations of antibiotics in joint fluid that exceed 
minimal inhibitory concentration (MIC) for sus-
ceptible organisms, but the levels achieved are 
modest and the time duration above MIC is short
[8, 9], which may explain why IV antibiotics do 
not appear to interfere with the isolation of organ-
isms from intraoperative tissue biopsies in patients 
with infected TKA [10]. The effectiveness of gly-
copeptide antibiotics is proportional to both the 
concentration and the length of time the concen-
tration is maintained at a lethal level [11]. This 
issue is important for management of total joint 
replacements whether the antibiotic is used as a 
prophylactic agent in clean cases, or to eradicate 
bacteria in infected cases.

Reinfection is common, ranging from 24 % to 
82 % in cases involving resistant bacteria [12–
15]. Treatment of reinfection after two-stage 
revision for infection is especially daunting with 
reports of high complication rates including 
repeated reinfection [16–18], repeat re-revision 
for loosening, pain, and infection (52 % of one 
series [17]), and chronic pain in 50 % of revisions 
for reinfection in the knees that did achieve infec-
tion control [18].

In an effort to achieve sustained high concen-
trations of antibiotics in the synovial fluid of an 
infected joint, a method to inject antibiotics 
directly into the joint was developed using 
Hickman catheters implanted into the joint cavity
at the time of surgical treatment for infection, leav-
ing an external portal for injection [19, 20]. Direct
intra-articular (IA) injection of antibiotics has
been used effectively for treatment of pyarthrosis 
in veterinary medicine for decades [8, 21–23], and 
the reported IA concentration is higher by a factor
of many hundreds than that achieved by IV admin-
istration [9]. Direct injection of antibiotics also has

been used successfully in humans to salvage 
acutely and chronically infected TKA [19, 20, 
24–27]. Infection in the knee joint may not be 
restricted to the local area, but also may involve 
the adjacent tissues or distant sites such as the 
regional lymph nodes. Therefore, the concentra-
tion of antibiotics in the serum that can be 
achieved by direct IA injection also is important.
Previous studies have reported mean serum peak 
(4.1–6.1 μg/mL) and trough (3.2–3.3 μg/mL) val-
ues [19, 20].

This chapter describes a technique developed 
to treat infected TKA by immediate exchange
arthroplasty using uncemented implants and IA
infusion of antibiotics into the knee, and summa-
rizes clinical findings in three cohorts. (1) the 
technique was evaluated in an IRB-approved
study of basic pharmacokinetics in a group of 
patients to determine antibiotic concentration in 
the joint and serum. The protocol also was 
applied to (2) a group of patients with methicillin- 
resistant Staphylococcus aureus (MRSA) and (3)
a group of patients with reinfection after failed 
two-stage revision for infected TKA.

 Summary of Three Study Groups

 Pharmacokinetic Study [11]

We enrolled 11 patients (11 knees) referred for
treatment of infected TKA in a study to evaluate
IA and serum concentration of vancomycin in
response to IA injection. Two Hickman catheters
(Bard Access Systems, Inc., Salt Lake City, UT)
(Fig. 25.1) were inserted into the IA space intra-
operatively to allow for direct vancomycin injec-
tion. These catheters are silicon tubes with a 
fibrous cuff that allows fibrous tissue ingrowth to 
seal the entry point and prevent ingress and egress 
of fluid around the catheter; they have a Luer- 
lock module and cap (ALARIS Medical Systems,
Inc., San Diego, CA) to allow injection with a
syringe. Two catheters were used to ensure that 
one would remain viable for the 6-week term. 
Both catheters were used for injection only; the
only egress of the antibiotics from the joint was 
through the local venous and lymphatic system.
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IA antibiotics were begun the evening of the
first day after surgery if the incision was dry. The 
beginning dose was small (100 mg vancomycin in 
3 cc sterile water) and gradually increased over 3–5 
days to 250–500 mg of vancomycin in 3–5 cc ster-
ile water every 12 or 24 h. IV antibiotics were dis-
continued when the IA route was established (3–5
days). Peak and trough serum vancomycin levels 
were measured using fluorescent polarization 
immunoarray (FPIA) [28, 29], after the third dose 
and twice weekly during treatment. The dosages 

were decreased if concern arose that serum levels 
were excessive. In three patients receiving 500 mg 
of vancomycin every 12 h, serum trough level was 
reported in excess of 20 μg/mL. Their dosages 
were decreased to 250 mg, and their trough levels 
decreased to less than 10 μg/mL. At the conclusion
of the treatment (6 weeks), the Hickman catheters
were removed in the operating room with local 
anesthesia as an outpatient hospital procedure. An
elliptical incision was made around the catheters, 
the fibrous cuffs were sharply dissected from the 
surrounding subcutaneous tissue, and the catheters 
were extracted gently from the knee. The catheters, 
made of soft silicon, were handled with care to 
avoid cutting them and allowing the tip to escape 
into the knee.

At the time of the Hickman catheters removal,
synovial fluid samples were taken by arthrocente-
sis immediately before the catheters were removed 
to determine the trough concentration, and imme-
diately after the injection of the final IA antibiotic
dose to determine the peak antibiotic concentra-
tion. For one patient, synovial fluid samples also
were obtained at the 1-month follow- up visit by 
arthrocentesis. These samples were diluted by a 
factor of 10, 100, 1000, and 5000 to achieve a 
concentration that could be measured by the 
FPIA method. Elimination half-life (t1/2) for 
IA-administered vancomycin was measured by
employing a biphasic two- compartment model 
and biexponential equations, with a distribution 
stage and an elimination stage [30–32]. The elim-
ination constant β (which is proportional to the 
clearance rate) and elimination half-life (t1/2, in 
hours) of vancomycin in synovial fluid can be cal-
culated for each pair of IA peak (Cmax) and trough 
(Cmin) measurements:

 
b = -{ }ln( ) ln( ) /max minC C ti

 
(25.1)

 t1 2 2/ ln( ) /= β  
(25.2)

The elimination constant β also can be mea-
sured as the slope of an exponential curve fit 
when the ratio Cmin/Cmax from different patients 
is plotted as a function of time since each 
patient’s last dose, which in turn allows the 
average elimination half-life (t1/2) to be calcu-
lated from Eq. 25.2 [30].

Fig. 25.1 This drawing illustrates the injection portals 
(a) that are outside the skin, the fibrous cuffs that are 
approximately 5-mm deep to the dermis (b), the catheters 
outside the synovial cavity of the knee (c), and outflow of 
the antibiotic through the synovial membrane and into the 
regional veins (d). The fibrous cuffs seal the catheters so 
that contaminants do not enter the knee and joint fluid 
does not leak out. (With kind permission from Springer
Science+Business Media: Clinical Orthopaedics and
Related Research, Whiteside et al. [19])

25 Late Infections of the Knee Joint: Local Antibiotic Treatment



296

Patients who received IA vancomycin to treat
infected TKA exhibited very high joint vancomy-
cin levels. Following injection, the mean synovial
vancomycin peak level was 9242 ± 7608 μg/mL 
(range of 3956–32,150 μg/mL) among the 11 
patients studied. Synovial trough level (mean of 
377 μg/mL, range of 8.4–1610 μg/mL) varied 
with time but exceeded MIC in all samples. Serum
trough level ranged from 4.2 to 25.2 μg/mL 
(mean, 12.3 μg/mL; average of 9.6 % of the joint 
trough value), which exceeded MIC. Among indi-
vidual patients, the elimination half-life (t1/2) of 
IA vancomycin ranged from 1.61 to 4.70 h (mean
3.22 h). Among all patients, using β as the slope 
of the exponential regression curve, t1/2 was 3.06 h 
(r2 =0.52, p<0.001) (Fig. 25.2). No adverse events 
were reported; however, 3 of 11 patients had high 
vancomycin trough serum levels and their dosage 
was reduced. No patient had elevated BUN or cre-
atinine concentrations in the serum.

 Resistant Organism Study [19]

A prospective study evaluated direct IA injection
of vancomycin as treatment for MRSA in 18
patients (18 TKAs) referred to the author January
2001–January 2007. All patients had established
chronic infections of greater than 3 months’ dura-

tion. Eleven patients were women and seven were
men. Mean age was 69±6 years (range, 58–84
years). All patients had important comorbidities:
nine patients had Type II diabetes, 12 had chronic 
dependency edema and stasis dermatitis, 9 had 
morbid obesity, and 15 had malnutrition and hypo-
albuminemia. Seventeen of the 18 patients had two 
or more comorbidities. Four of these patients had
previous two-stage revisions for infection with 
antibiotic cement spacers and antibiotic cement 
with revision implants. Seven patients had primary 
total knee components and a previous infection 
treated by incision and drainage followed by 2–6 
weeks IV antibiotics. Four patients had previous
surgery after primary TKA for patellar tendon
avulsion or patellar subluxation.

All patients were treated with a protocol that
included debridement, revision TKA with unce-
mented components, and IA antibiotics. Eleven
patients had cemented components removed that 
included cemented diaphyseal engaging stems in 
the femur and tibia. The minimum follow-up was 
27 months (mean, 62 months; range, 27–96 
months). No patients were lost to follow-up.

Surgical treatment included thorough removal 
of non-absorbable sutures; complete synovec-
tomy; vascularized osteoperiosteal flap osteot-
omy to expose diaphyseal cement mantles if 
necessary; and meticulous cement removal using 
a three-phase debridement starting with rongeurs, 
followed by curettes, and finishing with high 
torque reamer to burr away all bone surfaces that 
had been exposed to cement. During debride-
ment, hand-pump irrigation with saline solution 
of vancomycin (1 g/L), polymyxin B (250,000
units/L), and bacitracin (50,000 units/L) was per-
formed repeatedly. After debridement, the surgi-
cal area was cleaned and re-draped, surgical 
gowns and gloves were changed, and new sterile 
instruments were brought into the sterile field. 
Revision total knee implants had porous-coated 
surfaces applied directly to available bone and 
used a diaphyseal-engaging titanium alloy stem. 
No cement was used for fixation and no bone 
graft was used to fill defects. Intraoperatively the 
patients received 1 g vancomycin intravenously 
and the same dose was given twice postopera-
tively at 12-h intervals. Vancomycin (100 mg 
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Fig. 25.2 Vancomycin concentration, expressed as a 
fraction of the peak concentration, plotted on a log scale 
as function of time since the previous IA dose was admin-
istered. The dotted line is an exponential regression curve 
(r2 = 0.52) whose slope is the elimination constant β 
=0.2265 h−1, from which the elimination half-life t1/2 can 
be calculated as 3.06 h (Reprinted from Roy et al. [11], 
Copyright 2014, with permission from Elsevier)
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vancomycin in 100 mL sterile water) was started 
into the knee through the Hickman catheters the
first day after surgery if the incision was dry and 
sealed, then increased in 100 mg/L increments to 
as much as 500 mg in 5 mL sterile water. IV van-
comycin was discontinued once the maintenance 
dose was established into the knee.

Seven of the 18 knees lost one of the Hickman
catheters inserted for IA administration during the
6-week infusion interval, but none lost both cath-
eters. Peak and trough serum vancomycin levels 
were measured using FPIA [28, 29] after the third 
dose and twice weekly until the catheters were 
removed. After 6 weeks, the Hickman catheters
were removed surgically and the joint fluid was 
cultured. The patients were seen at 2 weeks for 
suture removal, and evaluated at 3 months for ten-
derness, erythema, and induration, and at yearly 
intervals. Serum C-reactive protein concentration
and sedimentation rate were evaluated at 3 months. 
C-reactive protein level less than 25 % above nor-
mal and sedimentation rate less than 50 % elevated 
were considered signs of resolved infection.

Seventeen of 18 patients had no clinical sign of 
infection at last follow-up. All patients except one
had laboratory evidence of resolved infection by 3 
months postoperative. None of the synovial fluid 
cultures taken at the time of catheter removal was 
positive for bacteria. One patient had elevated
sedimentation rate and C-reactive protein concen-
tration at 3 months postoperatively and redevel-
oped clinically apparent infection with MRSA 5
months after initial revision and debridement. The 
knee was re-operated and a fragment of necrotic 
bone measuring 2–3 cm on the anterior surface of 
the femur was found. Complete re-debridement
was done, the polyethylene component was 
exchanged, and the metal components were 
retained. Hickman catheters were inserted, and
the knee was treated for 6 weeks with IA vanco-
mycin. At 42 months postoperatively, this knee
had no clinical signs of infection. None of the 
implants has been revised for loosening.

Mean serum vancomycin peak concentration
was 6.1 ± 4.1 μg/mL and mean serum vancomy-
cin trough concentration level was 3.2 ± 1.0 μg/
mL at 2 weeks postoperatively. Because of ele-
vated serum vancomycin concentration, five 

patients required decreasing the dosage to 500 mg 
given once daily, and one required stopping the 
antibiotics for 4 days. Three required discontinu-
ation of the antibiotic infusion for 2–3 days 
because of local inflammatory response to pre-
cipitated vancomycin. Six patients (six knees) 
(33 %) had elevated blood urea nitrogen and cre-
atinine levels during the 6 weeks of antibiotic 
infusion and required temporary discontinuation 
of IA vancomycin for 2 days. IA infusion then
was resumed at a lower dose. None required 
complete discontinuation of vancomycin infu-
sion for more than 4 days.

 Revision for Reinfection Study [20]

A retrospective study was done to evaluate the suc-
cess rate of an aggressive protocol to treat infec-
tion in 18 patients (18 knees; 12 women, 6 men) 
that had failed previous two-stage revision for 
infected TKA January 1999 through January 2008.
A surgical protocol was used that included tibial
tubercle osteotomy for exposure when necessary 
in stiff knees to avoid extensive soft-tissue strip-
ping, bivalve osteotomy of the femur and tibia to 
extirpate extensive cement mantles, cementless 
fixation, closure with muscle flaps and subfascial 
skin flaps in cases with deficient capsule and skin, 
and IA antibiotics with Hickman catheters.

Mean time to initial revision was 7 months
(range, 1.5–13 months) and to re-revision was 
5 months (range, 1–18 months). All knees were
re- infected with the original organism(s): 
methicillin- resistant Staphylococcus aureus  
(11 patients/11 knees), methicillin-resistant 
Staphylococcus epidermidis (two patients/two 
knees), methicillin-sensitive Staphylococcus 
aureus (two patients/two knees), and mixed 
Proteus mirabilis and Escherichia coli (three 
patients/three knees). All Staphylococcus
organisms were sensitive to vancomycin in 
concentrations of 2–5 μg/mL, and the three E. 
coli and P. mirabilis organisms were sensitive 
to gentamycin in concentrations of 2 μg/mL. 
The minimum follow- up was 2.3 years (mean, 
6.1 years; range, 2.3–12.0 years). No patient 
was lost to follow-up.
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Ten knees (56 %) had one-stage revision 
(Fig. 25.3). Five knees (28 %) had debridement,
cement spacer, and definitive revision arthro-
plasty 3–4 months later; and three knees (16 %) 
had multiple extensive soft tissue reconstruction 
including tissue expanders to produce enough 
skin for closure and external fixators to achieve 
adequate limb length before their definitive revi-
sion arthroplasty. Two patients (two knees) 
required debridement of the edge of a muscle flap 
and repeat closure within the first week postop-
eratively. Three patients (three knees) had open 
drainage of hematoma and re-closure during the 
first 2 weeks postoperatively. If the bone and soft 
tissue quality had adequate circulation to sustain 
healing, and adequate soft tissue was available 
for closure, then we performed revision TKA
using nonporous, fluted, diaphyseal-engaging 
titanium stems and porous-coated implants 
applied directly to available bone. No cement 
was used to fix the implants to bone, and no bone 
graft was used to fill bone defects. In cases in 
which bone stock and soft tissue were not deemed 
adequate for stable fixation of the implants and 
secure closure of the joint, implants were not 
inserted, Hickman catheters were inserted for
delivery of antibiotics, and closure completed 
using available skin and muscle flaps, allowing 
the extremity to shorten if necessary. These 

patients were managed postoperatively to achieve 
bone healing of the osteotomies, restore leg 
length, and gain skin for closure. Three patients 
(three knees) underwent external fixation for 
gradual lengthening to regain limb length, and 
three patients (three knees) had sub-fascial soft 
tissue expanders to provide skin for closure.

Two Hickman catheters were inserted in all
knees for IA antibiotic delivery. Postoperatively
the patients received 1 g vancomycin or 80 mg 
gentamicin intravenously every 12 h for at least 
48 h postoperatively. IA infusion of antibiotics
began the evening of the first day after surgery 
and the IV antibiotics were discontinued after IA
administration was established. 100 mg vanco-
mycin in 3 mL sterile water or 20 mg gentamicin 
in 3 mL saline was given as a test dose, and the 
concentration and volume were increased daily if 
the wound remained sealed and quiescent.

Infection was controlled in 17 of 18 knees. 
One patient had recurrent infection 13 months
after one-stage debridement, revision, and pri-
mary closure of the knee. This knee was debrided 
again, infused with vancomycin for 6 weeks with 
no implant in place, and re-implanted with 
cementless implants 6 weeks after catheter 
removal. The CRP and sedimentation rate were
normal at re-implantation with no sign of infec-
tion at 28 months follow-up. One knee failed to
obtain soft tissue closure, drained continuously, 
and finally had above-knee amputation 2 months 
after beginning treatment. CRP and sedimenta-
tion rate were within normal limits at 2-year fol-
low-up in 16 of the 17 patients. One patient, who
has chronic gingivitis, stasis dermatitis, and arte-
riosclerotic coronary artery disease, had 24 % 
elevation of CRP and a high normal sedimenta-
tion rate at 1-year follow-up. His knee was
asymptomatic and benign to examination. 
Aspiration revealed no WBCs in the synovial
fluid. No patient required chronic suppressive 
antibiotics.

Serum vancomycin levels within appropriate 
ranges indicated the safety and efficacy of IA
antibiotic delivery. Mean serum vancomycin
peak level at 1 month postoperatively was 
4.1 ± 1.2 μg/mL, and mean trough level was 
3.3 ± 1 μg/mL. Mean serum peak gentamicin

Fig. 25.3 Lateral radiograph performed at 6 weeks after 
revision with uncemented implants and Hickman cathe-
ters for antibiotic infusion. The infection resolved, and the 
patient progressed to full weightbearing (With kind per-
mission from Springer Science+Business Media: Clinical
Orthopaedics and Related Research, Whiteside et al. [20])
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level was 1.1 ± 1 μg/mL and trough level was 
0.2 ± 0.1 μg/mL. Three patients with vancomycin 
and one with gentamicin infusion required tem-
porary cessation of antibiotic infusion and 
resumption at a lower dosage because of exces-
sively high serum antibiotic levels or rising blood 
urea nitrogen and creatinine levels.

 Discussion

Infection control with the described protocol was 
attained in a high percentage of patients in each 
cohort. Intra-articular delivery of antibiotics pro-
duced peak levels of concentration many orders 
of magnitude higher than those achieved after IV 
administration, and the trough levels remained 
therapeutic for 24 h. Therapeutic levels also were 
achieved in the serum. The 11 patients in the 
pharmacokinetic study had vancomycin concen-
tration in the synovial space ranging from 3956 
to 32,150 μg/mL. These values are comparable to 
the high IA levels of amikacin reported by Perry
et al. [25]. In contrast to the synovial fluid levels 
achieved from IV dosing, which likely would 
become sub-therapeutic in the knee after 6 h, IA
administration was shown to maintain concentra-
tion of vancomycin within the knee joint above 
MIC for at least 24 h following the previous dose.
IV administration of vancomycin produced joint 
levels that were 35 % of serum levels on average, 
while IA administration of vancomycin produced
a peak joint concentration that on average was 
750 times higher than serum concentration. In 
addition, serum trough levels following IA
administration of vancomycin likewise remained 
therapeutic, with the mean value greater than the 
10 μg/mL recommended to avoid resistance [33].

Extremely high antibiotic concentration in the
synovial fluid has a distinct advantage in treating 
IA infections involving a metal implant. The kill-
ing power of antibiotics such as vancomycin that 
inhibit cell wall and RNA synthesis is propor-
tional to the area under the concentration vs. time 
curve [33–36], and this factor is especially impor-
tant for eradication of existing organisms that 
form a glycocalyx on implant surfaces [37]. 
Since formation of small colony variants with 

long reproductive intervals contributes to antibi-
otic resistance in treatment [38, 39], it seems 
likely that the sustained high concentrations of 
antibiotics that are achieved with daily IA injec-
tion is important for managing IA infections that
involve metallic implants.

Direct IA antibiotic infusion with single-stage
revision and porous-surface implants safely and 
effectively eradicated MRSA and provided a
well-fixed implant without the morbidity and 
inconvenience of an antibiotic spacer and second 
surgical procedure. Infection was controlled in 
17 of 18 patients with the first procedure, and in 
the failed procedure after debridement and repeat 
revision. Two-stage revision, using IV antibiotics 
and antibiotic-loaded PMMA spacer to deliver
antibiotics into the joint is considered the conser-
vative surgical approach to this condition [3, 4, 
16, 40], but its clinical results are disappointing. 
Reinfection rates varying from 11 % to 24 % 
have been reported in centers experienced in care 
of these difficult cases using two-stage debride-
ment and re-implantation [12, 13, 15, 41].

Cemented fixation of implants consistently
is less successful in revision than in primary 
cases [16, 42–46], and likely is more difficult 
with persistent infection from indolent bacteria. 
Cementless fixation with porous devices in
revision arthroplasty has had a high rate of suc-
cessful fixation in the hip and knee and has 
become the dominant mode of fixation in revi-
sion THA [47–49]. Results using cementless 
fixation for revision of infected TKA resemble
those of cementless revision THA [50] and 
appear to offer an advantage over cemented 
fixation.

The reinfection cohort involving treatment of 
failed two-stage revision for infected TKA dem-
onstrates the magnitude of deficiency and the 
scope of surgical effort required to manage rein-
fection, and illustrates that treatment has a high 
success rate when proven surgical procedures are 
combined with IA antibiotic infusion. Infection
was controlled in 17 of 18 knees. The types of 
cases in this cohort involve problems that cannot 
be solved only with high levels of antibiotics, but 
also require aggressive exposure and limb sal-
vage techniques and often multiple procedures to 
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prepare the extremity for re-implantation of the 
arthroplasty components.

Daily IA injection into the knee achieves and
maintains vastly superior antibiotic levels in the 
synovial fluid throughout the interval between 
doses as compared with IV infusion. Currently
the single-stage procedure—including debride-
ment and use of Hickman catheters for 6 weeks
of IA antibiotic administration—is our standard
protocol, and it is effective even in difficult cases 
and with highly resistant organisms.
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    Abstract  

  Prosthetic joint infection (PJI) is a devastating complication following 
joint replacement. The risk of PJI may be lowered through careful patient 
optimization pre and peri-operatively. Proper management of nutritional 
status, obesity, and diabetes mellitus may yield overall health and periop-
erative benefi ts. Preoperative smoking cessation, when achieved, may 
reduce the rate of postoperative wound complications. Immunosuppressive 
medications should be modifi ed to provide effective control of underlying 
infl ammatory processes, while minimizing the risk of infection. Elective 
surgery should be delayed until active clinically diagnosed infections are 
treated. Selected screening for and decolonization of  Staphylococcus 
aureus  carriers reduces the rate of surgical site infection, while minimiz-
ing the impact on the frequency of community-wide mupirocin resistance. 
Appropriate perioperative antimicrobial prophylaxis and anticoagulation 
management are critical. Among patients with signifi cant soft tissue defi -
cits, preoperative plastic surgery consultation should be obtained and a 
coordinated surgical plan should be developed. A thorough multidisci-
plinary approach to preoperative evaluation of patients undergoing joint 
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      Introduction 

 Joint replacement, provides pain relief, restora-
tion of function, and improvement in patient 
quality of life. In 2010, there were over one mil-
lion knee and hip arthroplasties performed in the 
United States alone [ 1 ]. Typically, joint replace-
ment is an elective procedure. Accordingly, every 
effort should be made to optimize a surgical can-
didate’s general health in order to prevent poten-
tial complications. A signifi cant proportion of 
risk factors associated with PJI may be modifi -
able. Superfi cial surgical site infection (SSI) as 
well as deep organ space infection, otherwise 
known as prosthetic or periprosthetic joint infec-
tion (PJI), are associated with signifi cant morbid-
ity and cost [ 2 ]. Wound healing abnormalities 
after surgery are well-established risk factors for 
both superfi cial SSI and PJI. A number of differ-
ent modifi able and non-modifi able risk factors 
for wound healing problems, superfi cial SSI, and 
PJI have been identifi ed. Knowledge and optimi-
zation of these will reduce the frequency of these 
devastating complications.  

    Nutrition 

 In the developed world with ample resources in 
which joint replacement is performed, it seems 
anathema that malnutrition should be a prevalent 
fi nding among patients undergoing joint 
replacement. However, more than one-quarter of 
patients undergoing primary joint replacement 
[ 3 ] and more than a third of patients undergoing 
revision for non-infectious reasons [ 4 ] have 
biochemical evidence of malnutrition. Due to the 
associated chronic infl ammatory state, patients 
with established PJI may have an even higher 
prevalence of malnutrition. Numerous prior 
studies have demonstrated that malnutrition, as 
defi ned by either hypoalbuminemia [ 4 – 6 ], low 
transferrin [ 7 ], lymphopenia [ 4 ,  6 ,  8 ,  9 ], or low 
BMI [ 10 ] are associated with increased risk of 
wound healing complications including 
PJI. Other ways of identifying patients with 
malnutrition include the use of more complicated 
anthropomorphic measurements, which may be 

too cumbersome for clinical practice. Therefore, 
clinicians have typically relied upon the use of 
blood tests above. The pathophysiology 
associating malnutrition to impaired wound 
healing complications is complex. It likely 
involves both alterations in the structural building 
blocks necessary for wound healing, as well as 
impairment in the infl ammatory process, a neces-
sary component of wound healing. 

 Although somewhat counterintuitive, 
malnutrition may be coexistent with obesity due 
to intake of high caloric nutritionally defi cient 
diet. The frequency of malnutrition appears to be 
similar in both the obese population and the 
overall population undergoing joint replacement 
[ 4 ,  7 ]. In addition to the impact of malnutrition 
on wound healing, the presence of obesity 
provides an additional set of unique problems 
which can lead to wound healing diffi culties. The 
increased mechanical tension of the incision can 
lead to wound dehiscence and create a subsequent 
portal for initiation of infection. Obesity may 
result in a blood fl ow to tissue mismatch, leading 
to relative tissue hypo-perfusion. Finally, there 
may be an increase in dead space, creating a 
potential space for a deep surgical site infection. 
While preoperative weight loss can be attempted 
in order to try to minimize these mechanical 
complications, it must be carefully pursued in 
order to avoid achieving weight loss at the 
expense of adequate nutritional intake. 

 The practical approach to malnutrition and 
obesity prior to performing joint replacement is 
not well-defi ned, but a logical step wise approach 
could be considered. First, complete blood count 
with differential (absolute lymphocyte count 
<1500 cells per microliter), albumin (<3.5 mg/
dL) and/or transferrin (<200 mg/dL) are 
reasonable screening tests to evaluate patients in 
whom malnutrition is suspected, including 
patients with obesity. If any of these tests are 
abnormal, evaluation for uncontrolled chronic 
infection or a sub-optimally controlled chronic 
infl ammatory state (such as rheumatoid arthritis) 
should be considered. Among patients with 
malnutrition, providers should have an in-depth 
discussion with the patient regarding their current 
diet. Dietary supplements and a referral to a 
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nutritionist for counseling may be considered. 
Among patients with obesity in conjunction with 
malnutrition, referral to a bariatric specialist with 
expertise in the care of patients with coexistent 
obesity and malnutrition is appropriate. The role 
of gastric bypass or gastric banding procedures 
prior to surgery should be discussed in 
conjunction with a bariatric medicine specialist.  

    Diabetes Mellitus 

 Large studies have suggested that diabetes 
mellitus is present in up to a quarter of patients 
undergoing primary total knee or hip replacement 
[ 11 ,  12 ]. Patients with diabetes mellitus and 
hyperglycemia may have impaired leukocyte 
function as well as microvascular dysfunction. 
Both factors may lead to the development of 
postoperative infection. Diabetes mellitus is a 
well-established risk factor for PJI [ 12 – 16 ]. 
Additionally, perioperative hyperglycemia in 
patients without diabetes mellitus has been 
suggested as a risk factor as well [ 17 ]. This 
observation may be related to the experimentally 
observed increase in biofi lm formation in the 
presence of higher glucose concentrations [ 18 ]. It 
is not clear if the degree of preoperative glycemic 
control correlates with likelihood of 
SSI. Hemoglobin A1c is one of the commonly 
used markers for glycemic control, refl ecting the 
average blood glucose levels over the preceding 3 
months. The literature is mixed with regard to 
whether hemoglobin A1c is predictive of wound 
complications and infection [ 15 ,  19 – 21 ]. 
However, the degree of postoperative 
hyperglycemia is clearly predictive of wound 
complications or infection [ 19 ]. Studies 
performed to date (including non-orthopedic 
surgeries) identifi ed a dose response relationship 
between the degree of postoperative 
hyperglycemia and the likelihood of infection 
[ 21 ]. Regardless of the utility of preoperative 
hemoglobin A1c for predicting subsequent 
infection, a patient with well-controlled diabetes 
mellitus prior to surgery will likely have more 
easily managed blood glucose levels in the 
immediate postoperative period. Thus, it is our 

practice to optimize diabetes mellitus control in 
the preoperative setting. 

 Optimization of glucose control in the 
perioperative setting requires close collaboration 
with the patient’s primary care physician and 
diabetes specialist. At the preoperative visit, the 
patient should be questioned with regards to their 
average and range of blood glucose readings at 
home, diabetes medication regimen, and their 
most recent hemoglobin A1c levels. If poor 
glucose control is suspected, it is reasonable to 
delay surgery and have the patient visit with their 
provider. Once a surgical date is known, a plan 
for postoperative diabetes therapy should be put 
in place. The optimal postoperative glucose 
targets are not known, as intensive glucose 
control (random glucose <120–150 mg/dL) has 
not been shown to be better than the standard 
control (140–200 mg/dL). Intensive glucose 
control carries an increased risk of hypoglycemic 
episodes [ 22 ]. Accordingly, a goal of <200 mg/
dL is reasonable. Finally, patients receiving 
corticosteroids who require corticosteroid dose 
adjustment in the perioperative time period may 
also require adjustments to their insulin protocol.  

    Tobacco Use 

 In addition to the pleotropic adverse effects on 
human health, tobacco use is associated with 
impairment in wound healing and subsequent 
increased risk of SSI [ 14 ,  16 ,  23 ]. These adverse 
effects are a function not only of the decreased 
oxygenation seen with tobacco smoking, but also 
likely due to the decrease in blood fl ow directly 
related to nicotine [ 24 ,  25 ]. A number of different 
techniques for smoking cessation are available, 
including counseling techniques, nicotine 
replacement therapy, varenicline, and bupropion. 
High-quality randomized control trial data 
demonstrated an 83 % reduction in wound 
complications among patients randomized to 
counseling and nicotine replacement therapy 
beginning 6–8 weeks prior to elective hip or knee 
replacements, as compared to placebo [ 23 ]. 
These fi ndings, as well as results of a meta- 
analysis across a variety of surgeries [ 26 ], suggest 
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that arthroplasty surgery should be delayed while 
smoking cessation is attempted. The use of 
weekly counseling with a trained smoking 
cessation counselor in combination with nicotine 
replacement therapy seems to be a logical 
approach.  

    Immunosuppressive Medication 
Management 

 Joint replacement in patients with rheumatoid 
arthritis can provide a signifi cant functional 
improvement, especially when medical 
management is no longer effective. Unfortunately, 
selected immune-modulating therapy used to 
control rheumatoid arthritis are also associated 
with an increased risk of SSI [ 8 ,  16 ,  27 ]. Among 
the medications used to control rheumatoid 
arthritis, biologic disease modifying anti- 
rheumatic drugs (DMARDs) that inhibit tumor 
necrosis factor alpha (TNF-α) or interleukin-6 
(IL-6) appear to signifi cantly increase the risk of 
SSI compared to other DMARDs [ 28 – 30 ]. 
Accordingly, the American College of 
Rheumatology and the British Society for 
Rheumatology recommend withholding TNF-α 
inhibitors around the time of arthroplasty surgery 
or revision [ 31 ,  32 ], with a typical approach of 
withholding biologic DMARDs for one cycle 
before surgery. These medications can then be 
resumed 1 or 2 weeks after joint arthroplasty 
surgery, provided that wound healing is 
progressing as expected. 

 There is mixed data regarding the safety of 
continuing non-biologic DMARDs through the 
time of joint arthroplasty surgery [ 33 – 35 ]. 
Lefl unomide and methotrexate are among the 
most frequently used DMARDS for patients with 
moderate-severe rheumatoid arthritis and have 
been evaluated for their impact on postoperative 
infection. Among 201 patients with rheumatoid 
arthritis or psoriatic arthritis undergoing elective 
orthopedic surgery, a signifi cantly higher 
frequency of wound healing complications was 
observed among patients receiving lefl unomide 
peri-operatively, as compared to those receiving 
methotrexate [ 36 ]. In contrast, a study of 82 

patients undergoing joint replacement observed 
no difference in infection between patients in 
whom lefl unomide was held 2 weeks before and 
after surgery and those who continued it through 
the time of surgery [ 37 ]. However, given the half- 
life of over 14 days of the active metabolite of 
lefl unomide [ 38 ], this study design was likely 
inadequate to observe any true difference between 
these two strategies. The shorter half-life of 
methotrexate makes withholding this medication 
more feasible around the time of surgery. The 
best data for methotrexate included 160 patients 
with rheumatoid arthritis undergoing elective 
orthopedic surgery who were prospectively 
randomized to hold methotrexate for 2 weeks 
before and after surgery or continue through 
surgery [ 34 ]. These patients were also compared 
to a contemporary cohort of patients with 
rheumatoid arthritis receiving a variety of other 
non-biologic DMARDS. Somewhat surprisingly, 
a signifi cantly lower frequency of infection or 
wound healing complications was observed in 
those continuing methotrexate, compared with 
either of the other groups. Additionally, there 
were signifi cantly fewer disease fl ares among 
those continuing methotrexate, a factor that may 
increase corticosteroid use and inadvertently 
increase risk of infection. Several smaller, 
retrospective studies have also found no 
association with methotrexate and SSI [ 39 – 42 ], 
while other studies suggested a decrease in SSI 
when methotrexate was held [ 43 ,  44 ]. 

 The choice to continue DMARDs must be 
individualized and balanced against the substan-
tial risk of the potential need to increase cortico-
steroid use. Sometimes used as “bridging 
agents” during DMARD holidays if fl ares are 
expected or occur, corticosteroids have been 
observed in one large study to be of higher risk 
for hospitalization for infection than the bio-
logic DMARDs [ 45 ]. If corticosteroids are nec-
essary, every effort should be made to maintain 
a prednisone dose of ≤10 mg daily [ 46 ]. A col-
laborative relationship with a patient’s rheuma-
tologist is critical for developing a strategy to 
minimize unnecessary immunosuppression, 
while providing effective control of the underly-
ing disease.  
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    Decolonization and Bacterial 
Burden Reduction 

  Staphylococcus aureus  is responsible for nearly 
40 % of early PJI [ 2 ]. The majority of SSIs and 
early and delayed PJIs result from contamination 
of the prosthetic joint with the patients’ fl ora at 
the time of surgery. Accordingly, identifying 
patients who are carriers of  S. aureus  and 
attempting decolonization prior to surgery is a 
reasonable strategy. These strategies typically 
include the use of mupirocin nasal ointment and 
chlorhexidine bathing, either alone or in 
combination. A large, high-quality, randomized 
double-blind placebo controlled trial 
demonstrated that a standard protocol of 
screening for  S. aureus  nasal colonization using 
PCR, followed by a 5 day protocol of twice daily 
nasal mupirocin and daily chlorhexidine bathing 
resulted in a nearly 80 % reduction in deep SSI 
across a number of different types of surgery 
[ 47 ]. Whether or not these overall results translate 
to a reduction in surgical site infection or PJI 
following joint replacement is not clear, given the 
low baseline rate of infection. A similar protocol 
of preoperative nasal mupirocin and chlorhexidine 
bathing reduces nasal  S. aureus  colonization on 
the day of primary joint arthroplasty [ 48 ]. A 
systematic review including 19 studies using a 
variety of decolonization protocols in orthopedic 
surgeries found a decrease in SSI ranging from 
13 to 200 % [ 49 ]. However, this was a very 
heterogeneous group of studies, including studies 
that used selective and universal decolonization. 
Recent SSI prevention guidelines recommend 
mupirocin nasal ointment for patients with  S. 
aureus  nasal colonization [ 50 ]. Given the concern 
about increasing mupirocin resistance among  S. 
aureus  isolates, the use of povidone iodine nasal 
decolonization was recently investigated and 
found to be equally effective to mupirocin nasal 
decolonization [ 51 ]. 

 A universal decolonization strategy avoids the 
logistical challenges of preoperative screening 
for  S. aureus  carriers, but increases the medication 
cost, the number of patients treated, and may lead 
to an increase in mupirocin resistance. The use of 
universal mupirocin and chlorhexidine appears to 

be successful in other settings, such as prevention 
of infections in patients hospitalized in the 
intensive care unit [ 52 ]. Among patients 
undergoing a variety of different surgeries, the 
universal use of mupirocin did not signifi cantly 
reduce the overall rate of SSI, compared with 
placebo [ 53 ]. However, it did decrease the rate of 
nosocomial  S. aureus  infections. 

 Based on the low overall rate of infection, the 
lack of clear data to support a universal 
decolonization strategy, and the availability of 
laboratory services to support  S. aureus  screening, 
selective screening for and decolonization of  S. 
aureus  carriers is the authors‘preferred strategy. 
Nasal screening can be performed at the 
preoperative visit, along with automated 
prescription delivery and standardized teaching 
delivered by support staff.  

    Screening for and Treatment 
of Active Infection Prior to Surgery 

 At the preoperative visit, a careful history and 
physical examination should be performed in 
order to uncover any signs or symptoms 
suggestive of an active infection at a site remote 
from the joint arthroplasty. If infection is 
suspected, it should be evaluated and managed 
appropriately, with joint replacement surgery 
delayed until this has been successfully achieved. 
Dental health is an important part of prevention 
of prosthetic joint infection throughout the life of 
the arthroplasty. A debate remains regarding the 
use of antimicrobial prophylaxis around the time 
of dental procedures for patients with 
arthroplasties. A recent study performed at our 
institution did not fi nd an association between 
dental procedures and the risk of PJI [ 54 ]. 
However, both for the benefi t of overall patient 
health and prevention of overt dental infection, 
routine, proactive dental care should be 
recommended for all patients undergoing joint 
replacement. 

 In the absence of signs or symptoms to suggest 
remote active infection, there is ongoing debate 
about the role for laboratory screening for 
infection, particularly with urinalysis to evaluate 
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for asymptomatic bacteriuria or pyuria. There is 
confl icting evidence on the association of 
asymptomatic bacteriuria and the risk of PJI [ 55 –
 59 ]. It is important to note that the fi nding of 
asymptomatic bacteriuria may simply be a 
surrogate for other comorbidities that are clearly 
associated with PJI, such as obesity or diabetes 
mellitus. Treatment of asymptomatic bacteriuria 
does not appear to decrease PJI risk [ 58 ]. One of 
the goals of the preoperative visit is to identify 
patients with symptomatic urinary tract infection 
(fever, abdominal pain, dysuria, or urinary 
frequency)., Routine screening of all 
asymptomatic patients with a urinalysis may not 
be warranted.  

    Perioperative Antimicrobial 
Prophylaxis 

 The decision to use perioperative antimicrobial 
prophylaxis depends both on the likelihood of 
SSI and the consequences if such an infection 
occurs. While joint arthroplasty procedures are 
typically associated with a low overall risk of 
infection, resulting SSI may be associated with 
signifi cant morbidity and cost, shifting the risk- 
benefi t balance toward providing universal 
antimicrobial prophylaxis. There is good data to 
support the effi cacy of perioperative antimicrobial 
prophylaxis for primary joint replacement [ 60 ]. 
The choice of antimicrobial depends on the 
spectrum of activity, ease of administration, 
pharmacodynamics, pharmacokinetics, safety 
and cost of the antimicrobial. Accordingly, fi rst 
generation cephalosporins, such as cefazolin, are 
ideal choices. Cefazolin has a short intravenous 
infusion duration, achieves a peak serum 
concentration rapidly [ 61 ,  62 ], has excellent anti- 
staphylococcal activity, is widely available, safe 
and inexpensive. These factors have led to the 
recommendation for use of cefazolin by several 
specialty organizations [ 50 ]. While second and 
third generation cephalosporins have not been 
shown to be inferior, they tend to be more 
expensive and may be associated with an 
increased incidence of  Clostridium diffi cile  
infection [ 63 ]. 

 Patients who self-report allergy to β-lactam 
antimicrobials at the preoperative visits present an 
opportunity for optimization. Patients with a his-
tory of prior positive penicillin skin test or symp-
toms suggesting a type I hypersensitivity reaction 
(anaphylaxis, angioedema, bronchospasm, or 
hives) or exfoliative rash following a β-lactam 
antimicrobial should not receive cefazolin or 
other β-lactam antimicrobials. However, the 
majority of patients with a stated history of self-
limited rash or non-allergic adverse effects to 
β-lactam antimicrobials can safely receive cefazo-
lin. This was illustrated by large study of patients 
with self-reported penicillin allergy at the preop-
erative surgical visit, where 85 % were felt to be 
safe for cefazolin prophylaxis after allergy con-
sultation [ 64 ]. The same study demonstrated that 
same-day allergy consultation can decrease inap-
propriate vancomycin administration. 

 When β-lactam antimicrobials cannot be used 
for prophylaxis, other agents commonly used 
include vancomycin or clindamycin, although 
these agents lack the activity of cefazolin against 
gram-negative bacteria. Vancomycin is 
reasonable for patients with known methicillin- 
resistant  Staphylococcus aureus  (MRSA) 
colonization. However, one study found an 
increase in the total number of surgical site 
infections in patients without MRSA nasal 
colonization when vancomycin was used, as 
compared to β-lactam antimicrobial prophylaxis 
[ 65 ]. This and other data [ 66 ] suggests that 
vancomycin may be less effective for preventing 
methicillin-susceptible  Staphylococcus aureus  
(MSSA) infections and should be used selectively 
in patients who can otherwise receive a β-lactam 
antimicrobial for prophylaxis. Among patients 
with MRSA nasal colonization, dual prophylaxis 
with cefazolin and vancomycin may be 
appropriate. However, the data to guide this 
practice is lacking [ 67 ] and limited retrospective 
data suggests an increase in acute kidney injury 
in patients receiving both vancomycin and 
cefazolin, as compared to cefazolin alone [ 68 ]. 
Vancomycin requires a longer duration of 
infusion and timing of administration must be 
adjusted in order to achieve adequate blood and 
tissue concentrations at the time of incision. 
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 Antimicrobial dosing is of critical importance, 
particularly in the obese population. Administration 
of a single 1 g dose of cefazolin results in subopti-
mal tissue and serum concentrations among mor-
bidly obese patients undergoing gastroplasty, with a 
marked decline in SSI when a 2 g dose of cefazolin 
is used [ 69 ]. However, among patients with a body 
mass index above 50, 2 g of cefazolin may not be 
adequate to maintain suffi cient tissue and serum 
concentrations throughout surgery [ 70 ]. Given the 
favorable therapeutic window, it is reasonable to 
administer 2 g of IV cefazolin in patients weighing 
greater than 80 and 3 g of IV cefazolin in patients 
weighing greater than 120 kg [ 50 ]. Vancomycin 
should be dosed based on actual body weight. 

 Effective prophylaxis requires effective blood 
and tissue concentrations of the prophylactic 
antimicrobial from the time of skin incision to 
closure. Serum concentrations of cefazolin are 
well above the minimum inhibitory concentration 
(MIC) for methicillin-susceptible staphylococci 
within 15 min after receiving a single 1 g dose of 
cefazolin [ 61 ], also resulting in suffi cient levels 
in bone [ 71 ]. However, there are not convincing 
data to suggest that administration within 30 min 
prior to incision is superior to administration of 
30–60 min prior to incision [ 72 ,  73 ]. Accordingly, 
cefazolin should be given within 1 h prior to the 
incision. Vancomycin, which requires a longer 
infusion time, should be started 60–120 min prior 
to the incision [ 50 ]. With regard to tourniquet 
infl ation, cefazolin is typically administered at 
least 10 min before the tourniquet is infl ated in 
order to allow adequate penetration of the 
antibiotic into the operative tissue before 
ischemia is induced. Mathematical modeling 
suggests that the optimal time for cefazolin 
dosing is 10–30 min prior to tourniquet infl ation 
[ 74 ]. However, some have questioned whether 
giving the prophylactic antimicrobial prior to 
tourniquet infl ation may lead to a sub-therapeutic 
serum level of antimicrobial if a hematoma forms 
just after tourniquet release, creating a vulnerable 
window for initiation of infection. An alternate 
proposed strategy is antimicrobial administration 
at the end of the procedure but just prior to 
tourniquet release. This approach was found to 
be non-inferior to antimicrobial administration 

prior to tourniquet infl ation in a large, randomized 
trial of knee arthroplasty [ 75 ]. However, until 
further data is available to support this approach, 
antimicrobial administration 10–60 min prior to 
tourniquet infl ation is recommended. 

 Repeat administration of antimicrobials during 
surgery primarily depends upon the clearance of 
the antimicrobial given prior to surgery. Drug 
clearance can be affected by the actual half-life of 
the drug or by signifi cant blood loss leading to 
increased drug clearance. Given the correlation 
between blood loss and serum and tissue concen-
trations of cefazolin [ 76 ], an additional dose of 
antimicrobial should be given if there is blood 
loss greater than 1500 mL [ 50 ]. During prolonged 
procedures, a repeat dose of antimicrobial should 
be given if the procedure duration exceeds two 
times the half-life of the drug. Cefazolin should 
be re administered approximately 4 h after the ini-
tial administration, given the approximately 2 h 
half-life, a practice that appears to decrease SSI 
rate in surgeries lasting longer than 4 h [ 72 ]. 
Patients with abnormal renal function and 
decreased clearance of the antimicrobial may not 
require repeat antimicrobial administration at the 
same frequency. 

 Antimicrobial prophylaxis should be given 
postoperatively for only the minimal amount of 
time to prevent infection, in order to minimize 
costs and adverse effects, such as  C. diffi cile  
infection [ 77 ]. There is a growing body of 
evidence to suggest that no additional dosing is 
needed after surgery [ 73 ,  78 ,  79 ]. Current 
recommendations that perioperative prophylaxis 
only be given for 24 h or less, regardless of 
whether a surgical drain remains in place [ 50 ].  

    Anticoagulation Management 

 Patients undergoing hip or knee replacement are at 
signifi cant risk for venous thromboembolism 
(VTE) and accordingly, pharmacologic VTE pro-
phylaxis is typically administered. In addition, 
patients experiencing postoperative atrial fi brilla-
tion or myocardial infarction are sometimes treated 
with therapeutic anticoagulation. Careful manage-
ment of anticoagulation is necessary in order to 
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avoid postoperative hematomas, which have been 
associated with an increased risk of PJI [ 8 ,  54 ,  80 ]. 
Additionally, a postoperative International 
Normalized Ratio (INR) above target at hospital 
discharge was associated with an increase in risk of 
PJI in a case–control study [ 80 ]. Options for phar-
macologic anticoagulation include unfractionated 
or low molecular weight heparin, fondaparinux or 
warfarin. Among patients receiving warfarin, sev-
eral important considerations need to be observed 
in order to avoid inadvertent increases in the INR 
which could lead to hematoma development. First, 
there are numerous drug- drug interactions between 
warfarin and other medications that are often used 
in the postoperative setting. Second, many antimi-
crobials will increase the INR indirectly through 
alteration in the gastrointestinal microbial fl ora and 
a resultant change in vitamin K metabolism. Third, 
patients with postoperative ileus or poor postopera-
tive nutritional status may have a less predictable 
response to warfarin and should be accordingly 
monitored closely. Finally, patients who have never 
received warfarin may have previously unrecog-
nized genetic polymorphisms that alter its metabo-
lism. Warfarin management should be managed in 
conjunction with an experienced provider in order 
to avoid nontherapeutic dosing, a recommendation 
endorsed by national guidelines [ 81 ].  

    Plastic Surgery and Soft Tissue 
Coverage 

 Patients with chronic PJI, particularly those who 
have undergone multiple revisions, may have exten-
sive soft tissue defi cits associated with the arthro-
plasty. Adequate coverage of the arthroplasty using 
reconstructive techniques is critical for successful 
management of the PJI, adequate joint function, and 
avoidance of amputation. Reconstructive tech-
niques may also be helpful with the management of 
dead space, particularly with chronic hip PJI [ 82 ]. A 
close collaborative relationship with a plastic or 
reconstructive surgeon should be developed and the 
need for reconstructive surgery should be antici-
pated preoperatively. 

 Several techniques for soft tissue coverage 
have been described for use with arthroplasty 

infection. Free fl ap or microvascular tissue 
transfer involves complete detachment of the 
entire tissue along with its blood supply from the 
original location of the body and replacement at 
the location needing coverage. Circulation to the 
transferred tissue is reestablished at the recipient 
site using microsurgical techniques. In contrast, a 
pedicled or local fl ap leaves a pedicle of tissue 
with the blood supply intact at the donor site, 
with a transfer of the tissue to the recipient site. 
The choice of technique is complex and decided 
by the plastic surgeon based on the available 
tissues, blood supply, and coverage needed. 
Additional skin grafting techniques may be 
needed. Both free fl ap and pedicled techniques 
have been used with success with both knee PJI 
[ 83 ,  84 ] and hip PJI [ 82 ].  

    Conclusion 

 While there have been many improvements in 
the prevention of SSI after joint replacement, 
signifi cant challenges remain. This chapter 
has outlined a number of practical strategies 
for optimization prior to and after joint 
replacement which may yield further reduc-
tion in SSI risk. There is excellent evidence to 
support smoking cessation, bacterial decolo-
nization and perioperative antimicrobial pro-
phylaxis. Further studies are warranted to 
delineate the impact in managing the nutri-
tional status, obesity, and glucose control on 
SSI risk. As the prevalence of these modifi -
able risk factors rises, it will become increas-
ingly important to develop coordinated, 
evidence based strategies to improve the 
delivery of these interventions in order to 
decrease the risk of SSI in patients undergoing 
joint arthroplasties.     
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    Abstract  

  Whilst lower limb arthroplasty has proven to be a highly effi cacious inter-
vention in the treatment of end-stage arthritis of both hip and knee, peri-
prosthetic joint infection can be a devastating complication for the patient 
and a challenge for those charged with its treatment. Much attention has 
focused on the surgical and medical management of this complication 
with outcomes measured in the short term and defi ned by the recurrence of 
infection. However, there has been little focus on the long-term effects on 
the patient both in terms of morbidity and mortality, as well as the long- 
term function of the revised prosthesis. This chapter aims to review the 
available evidence in each of these areas identifying, where possible, the 
long-term effects of periprosthetic joint infection. We have aimed to focus 
on the morbidity and function of patients treated for periprosthetic joint 
infections of the hip and knee, as well as the mortality associated with 
periprosthetic joint infection, concentrating on the outcomes measured in 
the long term rather than the effi cacy of different methods of treatment.  

  Keywords  

  Periprosthetic joint infection   •   Morbidity   •   Mortality   •   Functional outcome   
•   Long-term survival   •   Patient-reported outcome measures  

      Introduction 

 Total joint arthroplasty of both the hip and knee 
has evolved to become not only one of the most 
frequently performed, but also one of the most 
successful in terms of improving function [ 1 ,  2 ] 
with high levels of patient satisfaction and cost 
effectiveness [ 3 ,  4 ]. However, whilst uncommon, 
periprosthetic joint infection (PJI) remains a 
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devastating complication for the patient [ 5 ] and 
continues to challenge those involved with their 
treatment [ 1 ] (Fig.  27.1 ).

   PJI places a signifi cant economic and logistic 
burden on those institutions responsible for their 
care [ 6 ,  7 ], and with the demand for total hip 
arthroplasty (THA) and total knee arthroplasty 
(TKA) projected to increase signifi cantly in the 
coming years [ 8 ], it is expected that the demand 
on units treating those with PJI will also increase. 

 Whilst much focus has been directed at the 
management of PJI, particularly with respects to 
the surgical approach and the use of single stage 
or two stage revisions [ 9 ,  10 ], there remains a 
relative paucity of information on the long term 
outcomes for patients treated for PJI of the hip or 
knee. Whilst the focus on outcomes has largely 
revolved around reinfection, the effect on func-
tion, morbidity and mortality has been somewhat 
overlooked with very little evidence available in 
the literature measuring these outcomes. Indeed, 

what limited evidence that does exist suggests 
that even when infection is eradicated, function is 
often compromised when compared to non- 
infected primary arthroplasties. 

 The aim of this chapter, therefore, is to explore 
the long-term perspectives and outcomes follow-
ing PJI of the hip and knee to investigate what 
effect this potentially devastating complication 
has on patient and implant survival and function 
whilst also identifying long term outcomes in 
terms of reinfection and antibiotic use.  

    Mortality Following Periprosthetic 
Joint Infection 

 The impact of PJI on patient mortality is, of course, 
multi-factorial and takes into consideration patient 
co-morbidity and the impact of repetitive surgery 
and anaesthesia. The effect of PJI on mortality in 
both the short-term and long- term has been dem-

  Fig. 27.1    Whilst it thankfully remains a rare complication, infection following lower limb arthroplasty can have dev-
astating effect on the patient and presents a distinct challenge to those responsible for its management       
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onstrated [ 11 ]. It should come as little surprise to 
fi nd that PJI results in a  signifi cant increase in 
mortality at 90-days, 1-year, 2-years and 5-years, 
when compared to patients undergoing revision 
for aseptic causes. When controlling for confound-
ing variables such as patient age, gender, comor-
bidities, the number of surgical procedures 
[including single versus two- stage revision], or 
joint involved, PJI is associated with a fi ve-fold 
increased risk of death in comparison to revision 
for non-infective causes [ 11 ]. Mortality rates dur-
ing or following treatment for PJI are often buried 
within outcomes that report principally, the rates 
of reinfection or eradication of infection with a 
treatment algorithm. Berend et al. [ 12 ] reported 
the mortality in association with a two-stage 
approach for PJI of the hip. A 7 % 90-day mortal-
ity was noted after the fi rst-stage procedure with 
4 % dying prior to reimplantation. 45 % of patients 
had died at an average of 4.7 years after treatment, 
which increased to 50 % in cases of recurrent 
infection, which is consistent with the 25.8 % rate 
of mortality within 2 years demonstrated by 
Toulson et al. [ 13 ]. This is higher than reported by 
others and most likely refl ects the longer duration 
of follow up [ 14 – 18 ]. 

 When comparing one-stage with two-stage 
revision approaches, there is little evidence to 
support one over the other in terms of mortality 
[ 19 ,  20 ]. However, there are obviously a number 
of confounding variables in each of these 
approaches. The chosen surgical approach will 
depend on not only the patient but also the condi-
tion of the soft tissue envelope, the degree of 
bone stock loss, the infecting organism and the 
facilities available to manage the administration 
of antibiotics over a prolonged period. In a meta- 
analysis of the literature examining the reported 
results of the two-stage exchange compared with 
a single-stage exchange, Wolf et al. [ 21 ] using a 
Markov decision analysis model, concluded that 
although a two-stage approach resulted in a 
greater likelihood of eradication of infection, it 
also yielded a greater chance of death compared 
with a single-stage exchange. 

 The effect of the infecting organism on mor-
tality is demonstrated by the higher rate of death 
in those treated for resistant organisms when 

compared to sensitive organisms. Nixon et al. 
[ 22 ] demonstrated that in patients treated for 
fractures of the femoral shaft, infection with 
methicillin resistant Staphylococcus aureus 
(MRSA) was associated with a doubling in the 
risk of mortality at 1-year. Leung et al. [ 23 ] 
reported a mortality rate of 24 % in patients 
treated by two-stage revision for PJI due to 
MRSA at a mean follow-up of 5-years. A signifi -
cant increase in mortality at 1-year is seen in 
patients with PJI due to MRSA when compared 
to those infected by methicillin sensitive 
Staphylococcus aureus [MSSA] [ 11 ], once again 
highlighting the dismal outcome associated with 
MRSA PJI [ 24 ]. 

 The effect of polymicrobial infection and 
infection with gram negative organisms also 
places a higher risk of death on patients [ 11 ], 
which may be a function of increasing age [ 25 , 
 26 ] and poor overall health. Indeed, infection by 
gram-negative organisms is associated with a low 
success of eradication by two-stage revision due 
to a high rate of death (26 %) prior to reimplanta-
tion [ 27 ]. 

 The question remains: is the increased inci-
dence of death in association with PJI a function 
of poor health status? The risk factors for PJI 
have been extensively investigated and include 
male gender, advancing age, obesity, increased 
number of comorbidities and knee arthroplasty 
[ 7 ,  28 – 30 ]. Many of these risk factors may at 
least in part explain the increased mortality seen 
following PJI, though this notion was not sup-
ported by Zmistowski et al. [ 11 ] who identifi ed 
PJI as a signifi cant predictor of mortality, having 
controlled for these risk factors. The authors did, 
however, highlight independent predictors of 
mortality as advanced age, multiple comorbidi-
ties, cardiac disease, and cerebrovascular disease 
though multiple surgical procedures were not 
associated with an increased mortality, presum-
ably because patients undergoing multiple proce-
dures were of a higher level of general health. 
Whilst it would be easy to attribute patient factors 
to the incidence of PJI, and secondarily relate the 
increased mortality seen in such patients to their 
underlying state of health, this does appear to 
only partly explain the picture. Conventional 
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teaching tells us that there are multiple patient, 
surgical and extraneous factors that can increase 
the risk of developing a PJI. However, to attribute 
these same factors to the detrimental effect on 
survival appears to only partly explain these 
fi ndings. 

 There is no doubt that undergoing treatment 
for PJI increases the risk of mortality. This 
increased mortality is not only a refl ection of a 
decreased health status amongst patients, but 
appears also to be a direct effect of PJI itself. 
Whilst much effort has been directed towards 
improving the diagnosis of PJI, as well as con-
trolling infections, reducing their incidence and 
honing strategies in their management, this 
should not come at the expense of a tight con-
trol on chronic disease. There appears little 
doubt that perioperative optimization of nutri-
tion, smoking and general health status will 
result in a reduction in PJI and a concurrent fall 
in mortality associated with its incidence and 
treatment.  

    Function Following Periprosthetic 
Joint Infection 

 As with mortality, function following treatment 
for PJI tends to take a backseat to other outcome 
measures such as reinfection, when looking at the 
outcomes of treatment. However, whilst achiev-
ing a functional, painless joint is the aim of any 
revision procedure, the measurement of patient 
reported or functional outcomes when applied to 
PJI seems secondary to eradication of infection, 
despite the importance placed on these measures 
when applied to other revisions [ 31 ]. 

 When assessing functional outcomes follow-
ing PJI, a number of factors must be taken into 
consideration. These include the joint, the man-
agement strategy and whether this includes an 
articulating or non-articulating spacer in the case 
of a two-stage revision, success in eradication of 
infection, and patient functional requirements, a 
composite function of age, gender, demand and 
expectation (Fig.  27.2 ). Needless to say, the evi-
dence relating to these outcomes are disparate 
and diffi cult to compare.

   In an attempt to assess the function following 
revision for infection following single or two- 
stage revision at both the hip and knee, there have 
been a number of reports using as breadth of dif-
fering functional and patient reported outcome 
measures. Jamsen et al. [ 32 ] in an attempt to 
identify superiority of either a single-stage or 
two-stage approach to revision, reported on 25 
series looking at outcomes following each 
approach. Postoperative function was reported in 
20 of the included studies, whilst postoperative 
range of motion was reported in 23. The range of 
follow-up for included studies, however, ranged 
from an average of 12–90 months. Comparison 
of outcomes was complicated by the disparity in 
outcome measures utilized, though most com-
monly, Knee Society or Hospital for Special 
Surgery Score was used. Functional outcomes 
were no different between approaches but the 
highest range of motion was seen with two-stage 
revision with an articulating spacer. Castelli et al. 
[ 33 ] reported function using the Knee Society 
Score (KSS) at a median follow up of 7 years fol-
lowing two-stage revision for PJI of the knee. 
The KSS improved from 35.4 (clinical) and 37.96 
(functional) at presentation, to 75.38 (clinical) 
and 80.58 (functional) post reimplantation. 
Freeman et al. [ 34 ] assessing static versus articu-
lating spacers for two-stage revision of PJI of the 
knee demonstrated no difference between the two 
implants at fi nal reimplantation, in terms of pain 
scores, though the articulating spacer group dem-
onstrated better function in the long term. High 
levels of function, as measured by the Oxford 
Knee Score and WOMAC, and patient satisfac-
tion have been reported with two-stage revision 
using an articulating spacer [ 35 – 37 ]. These fi nd-
ings are supported by others who demonstrate an 
improvement in validated knee outcome scores 
between pre-revision and defi nitive reimplanta-
tion following two-stage revision [ 38 – 45 ], or a 
single stage strategy [ 46 ]. It should be noted, 
however, that a consistent feature is that function 
is reliant on eradication of infection. Whichever 
measure is used, a consistent feature is for lower 
scores in the small subsets of patients in whom 
reinfection occurs, or infection is not eradicated 
by two-stage revision. 
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 Does infection affect the range of motion at a 
total knee arthroplasty? It would seem logical to 
suggest that range of motion would be reduced by 
the presence of infection and should improve fol-
lowing eradication of infection. Gooding et al. [ 35 ] 
demonstrated an improvement in mean knee fl exion 
following two-stage revision from 86.2° to 93.2 
post reimplantation, a fi nding supported by others 

[ 36 ,  43 ,  45 ]. However, this is not always the case. 
Hirakawa et al. [ 39 ] in fact demonstrated a reduc-
tion in fi nal range of movement after fi nal reimplan-
tation, presumably a product of repeated surgical 
intervention. With the limited evidence available, 
the fi nal range of motion does not appear to be 
improved by a single stage strategy, with fl exion 
comparable between these two approaches [ 46 ,  47 ]. 

a

c

b

  Fig. 27.2    The case of a 76-year-old patient presenting with 
a late haematogenous periprosthetic joint infection of the 
left hip ( a ), following successful THA 9 years previously. 
The patient was treated by two-stage revision with removal 
of the implant assisted by an extended trochanteric osteot-
omy and insertion of a temporary antibiotic loaded articulat-
ing spacer ( b ). The second stage was completed following a 

3-month course of intravenous antibiotics and confi rmation 
of infection by haematogenous markers and aspirate from 
the hip prior to reinsertion of an uncemented revision hip 
replacement ( c ). The patient remained free of infection for 
the remainder of their life but their function was inferior to 
their initial THA. The patient ambulated with a single stick, 
a deterioration from their initial post arthroplasty function       
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 Functional outcome following revision for PJI 
of the hip follows a similar trend. Whilst there is a 
great wealth of evidence advocating strategies and 
defi ning success in terms of reinfection, measur-
able functional outcomes are often missing. In 
their meta analysis of patient reported outcomes 
following revision hip surgery, Saleh et al. [ 48 ] 
reported improvements in Harris Hip Score [HHS] 
in 28 studies including both pre and post operative 
scores, and 18 studies measuring outcome by 
Global Hip Score, though it should be noted that 
the indication for revision was not described. 
Oussedik et al. [ 49 ] reported an improvement in 
HHS between pre operation and 5-years post oper-
ation for both single and two- stage revision of the 
hip, with signifi cant with patients treated by one-
stage revision faring better than the two-stage 
group. The authors also demonstrated an improve-
ment over 5-years in visual analogue scale with 
improvements signifi cantly higher in the one-stage 
group. De Man et al. [ 50 ] demonstrated improve-
ments in HHS for both one-stage and two-stage 
revision THA, with one-stage demonstrating only 
a 4 point better improvement than the two-stage 
approach. This compares favorably to the reports 
of others who have demonstrated a mean post 
operative HHS ranging from 72 to 91 [ 51 ,  52 ]. A 
consistent feature of these reports is that those who 
suffer incomplete eradication of infection or in 
whom reinfection occurs demonstrate poor out-
come in terms of function when compared to those 
in whom infection is successfully treated. 

 Treatment options for those who have failed 
multiple previous attempts at infection control are 
limited to antibiotic suppression, fusion, amputa-
tion or resection arthroplasty. Whilst surgical 
intervention in the management of PJI is often 
considered the gold standard for management in 
amenable situations, does conservative treatment 
confer an improved functional outcome? One 
would expect that not operating would result in an 
improved outcome, as patients are not subjected to 
further surgery. However, medical treatment of 
PJI, most often on the background of poor host 
conditioning preventing surgery without signifi -
cant risk to life, often subjects patients to pain and 
disability in due to the presence of chronic infec-
tion [ 53 ]. Often this approach can be combined 
with initial limited surgical intervention and whilst 

success in terms of control of infection defi ned by 
the relief of pain and continued function can often 
be achieved [ 54 ], patients often fi nd long term 
antibiotic therapy unsatisfactory. No real evidence 
exists on the functional outcome following this 
approach as often these patients number only a 
few amongst larger series making comparison dif-
fi cult, and this conservative approach is often only 
favored in those who would not tolerate more 
aggressive, defi nitive surgical treatment. 

 For patients in whom long-term suppression is 
not appropriate as a result of risk to life from 
uncontrolled infection, but in whom aggressive 
reconstruction is not deemed appropriate, resec-
tion arthroplasty with removal of the prosthesis 
and all foreign material may be considered. 
Whilst this approach has demonstrated good 
results in terms of eradication of infection, it is 
associated with very poor function, to unaccept-
able levels in some instances [ 55 – 57 ]. 

 When all else has failed, options for control of 
infection are reliant on either arthrodesis or amputa-
tion, in the form of above knee amputation (AKA) 
in the case of PJI of the knee, or hip disarticulation 
in the case of the hip, though this is often only 
reserved for life threatening infection or peripros-
thetic infection on the background of massive bone 
loss or megaprosthesis reconstruction. Arthrodesis 
of the knee remains a reasonable option as it retains 
the leg as a stable platform for ambulation 
(Fig.  27.3 ). If successful in eradicating infection, 
patients with knee arthrodesis are often able to per-
form strenuous physical tasks, though the loss of 
motion at the knee makes sitting diffi cult [ 58 ].

   When comparing arthrodesis of the knee with 
AKA as salvage for failed revision on the back-
ground of PJI of the knee, AKA demonstrates a 
higher energy consumption for ambulation than 
arthrodesis [ 59 ,  60 ] and also have a reduced 
capacity for ambulation [ 59 ,  60 ]. Chen et al. [ 61 ] 
compared the ambulatory status as well as physi-
cal and mental function in patients undergoing 
AKA or arthrodesis following failure of treatment 
for PJI of the knee. Arthrodesis was  associated 
with a higher degree of community ambulation, a 
feature demonstrated by others [ 62 – 64 ]. Patients 
undergoing arthrodesis also demonstrate higher 
mental and physical function when compared to 
those undergoing AKA [ 65 ,  66 ]. 
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 When considering salvage options for failed 
eradication of infection at the knee, the improved 
mental and physical function, as well as the like-
lihood of improvements in ambulation following 
arthrodesis should translate into consideration of 
this technique in appropriately selected patients. 
However, this should be tempered by social and 
cultural considerations where such procedures 
are not acceptable and chronic suppression may 
be considered a more appropriate strategy.  

    Long-Term Outcomes 

 As previously mentioned, extensive research has 
gone into trying to defi ne the best surgical treat-
ment option for the management of PJI of the hip 
or knee (Fig.  27.4 ), with efforts concentrated on 
which surgical strategy affords a better rate of 
eradication of infection. With respects to the 
knee, rates of reinfection, or treatment failure 
with a two-stage approach range from 3 to 28 % 

a

c

b

  Fig. 27.3    What to do when repeated revision has failed 
to eradicate infection? Resection arthroplasty and pseud-
arthrosis ( a ) appears to be associated with a poor function 
and low levels of patient satisfaction, whilst arthrodesis 
( b ) allows the patient to retain the limb and in many cases, 

return to a good level of function. However, these out-
comes are reliant on the eradication of infection, and if 
this fails the patient is left with the only option, an ampu-
tation ( c ), which is associated with a low level of 
function       
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across a range of follow up from 24 months to 17 
years [ 19 ]. Reinfection rates following a single 
stage approach vary between 0 and 11 % for a 
follow up period of 12 months to 10 years [ 46 , 
 47 ,  67 ,  68 ]. With respects to the hip, pooled data 

suggest a reinfection rate of 8.6 % at a minimum 
of 2 years for a one-stage approach, and 10.2 % 
for a two-stage strategy [ 20 ,  69 ]. Signifi cant 
selection bias exists in the studies included in 
these meta-analyses making direct comparison 

a

c d

b

  Fig. 27.4    Options for spacers in two-stage revision rely 
on either a static antibiotic-loaded cement spacer ( a ), 
which often results in joint stiffness and instability ( b ), or 

an articulating antibiotic spacer ( c ), which is associated 
with greater stability and fl exibility in the joint ( d ) when it 
comes to the second-stage reimplantation       
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diffi cult. Poor host condition, infection by resis-
tant strains, or unknown pathogens, and signifi -
cant bone loss or poor soft tissues often pushes 
surgeons towards the more tried and tested two- 
stage approach, skewing the fi nal outcome of 
reinfection in favour of the one-stage approach.

   When looking towards the long term, out-
comes can be defi ned in terms of re-infection or 
failure of the reconstruction. In their long term 
follow up study of 253 patients with PJI of the 
knee, Mahmud et al. [ 41 ] aimed to identify the 
fate of patients who failed two-stage revision. 
The authors demonstrated a rate of infection con-
trol of 78 % at 10 years, comparable to others 
[ 38 ,  70 ]. Over this duration of follow up, patients 
demonstrated an improvement in functional and 
patient reported outcome measures, reliant on an 
eradication of infection. For those that failed the 
two-stage approach, including those who under-
went repeated two-stage revision; treatment com-
prised either chronic antibiotic suppression or 
arthrodesis. Patients treated by chronic antibiotic 
suppression fared poorly in the long term neces-
sitating arthrodesis in 25 %, a feature demon-
strated by others [ 71 – 73 ]. This strategy serves 
only to suppress the infection rather than eradi-
cate it and therefore, should be reserved only for 
those in whom further surgical intervention is 
either not desirable or carries signifi cant risk of 
peri-operative mortality. 

 Surgical options for treatment of failed revi-
sion arthroplasty at the knee for infection are 
therefore limited to either arthrodesis or amputa-
tion. Mahmud et al. [ 41 ] reported in their 16 
failed two-stage revisions at 10 years, 1 arthrod-
esis requiring additional antibiotic suppression, 1 
successful arthrodesis and 3 AKA. Hanssen et al. 
[ 74 ] described their management of 24 patients 
treated for failed control of PJI of the knee. 10 
were treated successfully with arthrodesis, 5 with 
chronic antibiotic suppression, 4 above knee 
amputations, 4 persistent pseudarthroses, 1 resec-
tion arthroplasty, and one uninfected prosthesis 
after reimplantation. 

 For those implants where infection is success-
fully eradicated by revision surgery, what is the 
effect on implant survival in the long term? 
Haleem et al. [ 38 ] identifi ed a comparable 

implant survival due to aseptic failure as was 
seen for septic failure following revision for PJI 
of the knee. Survivorship of TKA implants, free 
of infection was 93.5 % at 5 years and 85 % at 10 
years, whilst survival free of revision for mechan-
ical failure was 96.2 % at 5 years and 91 % at 10 
years. This rate of failure at mid to long term fol-
low up is often attributable to failure of fi xation, 
particularly when using uncemented stems, and 
emphasizes the importance of sound fi xation of 
implants at the second-stage, or at the time of 
exchange arthroplasty. Whilst the numbers are 
too small to assess the effect of implant fi xation, 
failure rates for cemented revision prostheses 
may differ to those for uncemented prostheses 
whilst conferring the advantage of antibiotic 
loaded cement. Hybrid fi xation of implants at 
reimplantation may, of course, confer the best of 
both worlds. 

 When assessing long-term outcomes following 
revision for PJI at the hip, the story is similar. 
Sanchez-Sotelo et al. [ 75 ] assessed mid to long- 
term survival following revision for infection of 
hip arthroplasty by staged revision with a number 
of different prostheses. At a mean follow up of 7 
years, the rate of reinfection was 7.1 %, which 
compared to a rate of revision for mechanical fail-
ure of 14.2 %. However, at 10 years, the rate of 
survival free of infection was 87.5 %, and revision 
free survival for mechanical failure was 75.2 %. 
As with all studies looking at long-term survivor-
ship, the numbers are often small making mean-
ingful conclusion diffi cult. A breadth of strategies 
and implants are included refl ecting the change in 
implant design over time. For example, histori-
cally, reimplantation following treatment of infec-
tion has relied on cemented fi xation, at least for 
the femoral component, as the use of antibiotic 
loaded cement was thought to reduce the risk of 
subsequent reinfection [ 76 ], which, by extrapola-
tion, was thought to account for the relatively high 
rates of reinfection seen following reimplantation 
using early designs of uncemented femoral com-
ponents [ 77 ]. More recently, however, the use of 
contemporary designs of uncemented femoral 
components at reimplantation have been associ-
ated with acceptable rates of reinfection, at least 
in the mid term [ 78 ]. Masri et al. [ 79 ] reported a 
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reinfection rate of 10.3 % following staged reim-
plantation with an interval articulating spacer in 
29 patients, and an uncemented femoral compo-
nent. No patients required revision for mechanical 
failure of the prosthesis at a mean of 4 years, 
which refl ects the improvements made in implant 
design, particularly around fi xation of unce-
mented femoral prostheses. 

 The trend for mechanical failure to mirror 
rates of failure due to reinfection following revi-
sion for PJI of the hip reinforces the need for sur-
geons to achieve sound fi xation at the 
reimplantation stage, whether that be with a sin-
gle or two-stage approach.  

    Conclusion 

 Infection following prosthetic joint replace-
ment remains a devastating complication. 
Whilst the arthroplasty burden will continue 
to increase as the population expands and 
ages, so the infection burden will continue to 
increase. This coupled with the continued 
march of multi-drug resistant pathogens will 
inevitably result in a new set of challenges 
placed on those charged with the treatment of 
PJI. Whilst much emphasis has been placed 
on the outcomes of various treatment strate-
gies, there has been little focus on the impact 
of PJI and its treatment on patient function, 
implant survival and ultimately, patient sur-
vival. Revision for septic failure presents a raft 
of challenges to the operating surgeon, not 
only reliant on eradication of infection, but 
also on the effective fi xation of revision com-
ponents to often compromised and defi cient 
bone and soft tissue. This translates to inferior 
implant survival at mid to long term for revi-
sion components implanted for the treatment 
of PJI. There is convincing evidence that, 
whilst PJI presents challenges to the surgeon, 
it places an excess mortality on those suffering 
the infection, above and beyond that expected 
for patients undergoing prostheses revision for 
aseptic failure. The reasons for this are, of 
course, multiple and demonstrate the complex 
interaction between patient, surgical and 
pathogenic factors. As time moves on and the 
projected incidence of PJI continues to rise, it 

is expected that there will be a resurgence of 
interventions, often considered historical. In 
particular, it is expected that the need for more 
aggressive solutions to recalcitrant infections, 
including arthrodesis at the knee, and amputa-
tion either above knee or through hip disartic-
ulation, will increase. With respects to 
arthrodesis, if infection can be eradicated and 
union achieved, this certainly offers a func-
tional advantage over amputation. However, it 
should be noted that whether prosthesis reten-
tion, limb salvage, limb sacrifi ce or chronic 
suppression is chosen as the defi nitive solu-
tion, functional benefi ts are only conferred 
through infection control and avoidance of 
repeated surgical intervention.     
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    Abstract  

  According to current knowledge, the most critical pathogenic event in the 
development of implant-related infection is probably biofi lm formation, 
which starts immediately after bacterial adhesion on implanted devices, 
leading to their irreversible colonization. 

 A rationale prevention of biomaterial- associated infections should then 
specifi cally focus on inhibition of both bacterial adhesion and biofi lm for-
mation. Nonetheless, currently available prophylactic measures, although 
partially effective in reducing surgical site infections, are not based on the 
pathogenesis of biofi lm-related infections and unacceptable high rates of 
septic complications, especially in high risk patients and procedures are 
reported. 

 Traditionally, once demonstrated their biocompatibility, orthopedic 
implants have been designed as inert mechanical devices, their biologi-
cal aspects being considered as a byproduct of a stable fi xation to the 
surrounding bone or soft tissues. However, in the last decade, several 
studies have investigated the ability of implant surface modifi cations to 
mitigate possible adverse events, including implant-related infections. 
Several surface treatment modalities are under development in order to 
minimize bacterial adhesion, inhibit biofi lm formation and provide 
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effective bacterial killing to protect implanted biomaterials, even if there 
still is a great discrepancy between proposed and clinically implemented 
strategies. 

 Here we provide a brief overview and an original classifi cation of the 
various technologies under study or already in the market, with particular 
reference to a novel approach, based on a fast-resorbable hydrogel coat-
ing, that may change the paradigm of long-lasting antibacterial implant 
protection towards a more feasible short-term one, that may minimize the 
risk of long-term interference with the function of implanted biomaterials 
and of bacterial resistance induction, while effective protection at an 
acceptable cost/benefi t ratio.  

  Keywords  

  Orthopaedic   •   Implant   •   Biomaterial   •   Prosthesis   •   Joint   •   Surface   •   Biofi lm   
•   Infection   •   Coating   •   Anti-adhesive   •   Antibacterial   •   Prophylaxis   • 
  Treatment   •   Silver   •   Hydrogel   •   Classifi cation  

       Introduction 

 Even if the introduction of various perioperative 
infection prevention methods, such as antibiotic 
prophylaxis, have been shown to be effective in 
reducing surgical site infections (SSI), up to 
2.5 % of primary hip and knee arthroplasties and 
20 % of revision arthroplasties might be compli-
cated by periprosthetic joint infection (PJI) [ 1 ]. 
Moreover, according to some authors these num-
bers could be even underestimated and are on the 
rise [ 2 ], while multi-resistant pathogens are often 
retrieved [ 3 ]. Peri-prosthetic infection generally 
requires implant removal, with increased morbid-
ity and even mortality [ 4 ] and high associated 
costs [ 5 ]. 

 The occurrence of an implant-related infection 
is the results of a variable interaction of different 
factors, including bacterial load or contamination 
at the surgical site, host’s type, surgical procedure 
and technique, type of implant and of systemic 
and local antibacterial prophylaxis. 

 In fact, even elective surgery may not be per-
formed in a completely bacterial-free environ-
ment, since operating rooms have been shown to 
become contaminated within the fi rst few hours of 
service [ 6 ,  7 ]. Although the rather low bacterial 
load eventually present at surgery may still be 

generally overcome by the combined action of the 
host’s immunological defense and the systemic 
antibiotic prophylaxis [ 8 ], in some patients a sur-
gical site infection may eventually take place, 
especially in those at higher risk, such as those 
affected by diabetes, chronic renal insuffi ciency 
and other relevant medical conditions, that may 
increase the relative risk of a SSI by more than ten 
folds [ 9 – 11 ]. Similarly, the most complex surgical 
procedures and techniques are more prone to sep-
tic complications [ 12 ]. In this context, the charac-
teristics of the implanted device, including size, 
shape, material, topography and intended use also 
play an important role [ 13 ], while local prophy-
laxis using antibiotic-loaded bone cement or bone 
grafts has been shown to reduce the incidence of 
implant related infections [ 8 ,  14 ]. In a recent 
international Consensus meeting on peri-pros-
thetic infection, a strong recommendation was 
delivered concerning the need for developing 
effective antibacterial surfaces that prevent bacte-
rial adhesion and colonization of implants and 
proliferation into the surrounding tissues [ 15 ]. 

 The aim of this chapter is to provide a brief 
overview of the technologies under investigation 
to protect orthopaedic implants in order to mitigate 
infection, with an original classifi cation and a par-
ticular focus on the most recently developed 
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 fast-resorbable hydrogel coating, that may offer a 
novel perspective for short-term local antibacterial 
prophylaxis, which was fi rst introduced by the 
authors in 2013.  

    Antibacterial Coatings 

    Rationale 

 Prophylactic systemic antibiotics are adminis-
tered routinely to patients who receive an ortho-
paedic device to prevent peri-operative infection 
[ 8 ]. However, systemic administration of antibi-
otics has many potential disadvantages including 
the need for a correct timing of administration, 
the relatively low drug concentration at the target 
site and the limited ability to kill bacteria eventu-
ally present on the implant surface or embedded 
in biofi lms. 

 When Anthony Gristina fi rst proposed the 
concept of a “race for the surface”, more than 
three decades ago, he described a simplifi ed 
model of implant-related infection, whereby host 
and bacterial cells compete in determining the 
ultimate fate of the implant [ 16 ]. According to 
this model, when the host cells colonize the 
implant surface fi rst, the probability of attach-
ment of bacterial cells is very low and vice versa. 
While this concept has stimulated technological 
progress and the idea of surface modifi cations of 
implants in order to favor host cells and prevent-
ing bacterial adhesion, it only provides a static 
picture of a much more complex process, many 
variables of which are still poorly understood or 
completely unknown. In particular, it fails to 
describe in detail the dynamic process of bacte-
rial versus host’s cell implant colonization and is 
not able to predict the relative host cell  versus  
bacterial cell coverage of any implant surface. 

 The most problematic factor is probably the 
highly successful and diversifi ed strategy of bac-
teria to adhere and survive on virtually all natural 
and synthetic surfaces [ 17 ,  18 ]. Bacterial cell 
membranes contain various types of adhesins for 
a wide range of biomaterial surface receptor sites. 
Environmental and surface characteristics of a 

biomaterial such as surface roughness, hydro-
phobicity and electrostatic charge play only con-
ditional roles [ 19 ], while a reservoir of several 
receptors for bacterial adhesive ligands, mediat-
ing adhesion of free-fl oating bacteria to the sur-
face of the biomaterial, offers a conditional 
protein fi lm covering an implant immediately 
after its placement into the host body [ 20 – 22 ]. 
Complement, albumin and several other host pro-
teins and lipids are the main components of this 
conditional protein fi lm [ 23 – 25 ]. The process of 
bacterial adhesion can be divided into two basic 
phases: reversible and irreversible. The former is 
mechanically and biologically less stable than the 
latter and lies on nonspecifi c interactions between 
implant surface and bacterial adhesins. The sec-
ond phase is mediated by molecular and cellular 
interactions closely associated with expression of 
biofi lm specifi c gene clusters in reversibly 
attached bacteria [ 26 – 29 ]. 

 On the host site, the details of implant osteo- 
and tissue-integration are also rather poorly 
understood [ 30 ,  31 ]. According to the model pro-
posed by Gristina, it is believed that host cells, 
once attached to fi xation implant surfaces, lead to 
periprosthetic bone regeneration and remodeling, 
protecting against bacterial colonization [ 32 ]. 
However, neither osteointegration nor fi brous tis-
sue encapsulation of large non-fi xation parts of an 
implant can eliminate long-term survivorship of 
bacterial micro-colonies. Moreover, peri- implant 
fi brous barriers can prevent contact between host 
immunity sentinel cells and bacterial molecules, 
while is has been demonstrated that implantation 
of a medical device impairs innate local host 
response and may facilitate implant-related infec-
tions and hence PJI [ 33 – 35 ]. 

 As a result, there is a strong need for intrinsic 
implant surface antibacterial functionality to over-
come the implant-induced defects in the local 
immune response and to prevent the striking ability 
of bacteria to quickly adhere on a substrate and 
immediately produce a protective biofi lm barrier, 
providing a competitive advantage to the host’s 
cells over the contaminating microorganisms. This 
is of utmost importance especially in patients with 
underlying compromised immunity [ 36 ] and in 
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those undergoing revision surgery [ 37 ] in which the 
relative risk of infection is multiplied. At the same 
time any coating technology should prove to be safe 
in the short and long term, should not interfere with 
osteointegration or induce bacterial resistance in the 
long run. Moreover, all the bacterial colonization 
process, from microbial adhesion on an implant sur-
face to the production of an established mature bio-
fi lm layer, may only take few hours (Fig.  28.1 ) [ 38 ], 
so any implant antibacterial functionality should act 
at the exact time of surgery, that is from the moment 
the implant is extracted from the sterile package to 
at least until the very next hours after it is inserted 
into the body and the skin closed, or, in other words, 
just before bacteria may adhere on the implant and 
start producing biofi lms.

   These observations point out the need for a 
coating that is able to provide an immediate and 
complete protection of the implant surface at the 
time of surgery, but that at the same time is even-
tually able to completely disappear after few 
hours or days, to prevent long-term unwanted 
interference with bone and soft tissue integration 
of the implanted biomaterial. 

 This new approach, based on a short-term local 
implant anti-bacterial protection, compares to tra-
ditionally studied permanent or long-lasting sur-

face antibacterial coatings, whose unpredictable 
long-term effects both on host’s cell and bacteria 
are one of the main limiting factor to their intro-
duction in the clinical use and in the market. 

 Preclinical and clinical demonstration of the 
safety and effi cacy of the short-term local anti-
bacterial protection of the implants may change 
the paradigm of antibacterial coating, opening 
the way to large scale combined local and sys-
temic short-term prophylaxis to further reduce 
the impact of biofi lm-related post-surgical and 
post-traumatic infections.  

    Classifi cation 

 Local antibacterial implant protection can be 
obtained in many different ways. Currently there 
is not a single, universally accepted classifi cation 
of coating technologies and even the validation of 
these technologies has not been standardized to 
date, while regulatory aspects appear somewhat 
inadequate in view of the clinical needs and 
expectations. 

 Table  28.1  summarizes the basic requirements 
that an “ideal” coating technology should fulfi ll 
to meet the needs of a widespread clinical use.

  Fig. 28.1    Kinetic of  Staph. epidermidis  biofi lm formation (Re-written from Hola et al. [ 38 ]). According to current 
data, the timeframe window to prevent bacterial adhesion and biofi lm formation lays within 2–6 h after implant       
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   Our proposed classifi cation is based on the gen-
eral strategy of action of different coatings 
(Table  28.2 ); while necessarily schematic, this clas-
sifi cation may be helpful to compare different tech-
nologies and may also be useful both in the clinical 
practice and concerning regulatory aspects, that 
may differ substantially for different coating classes.

   According to the proposed classifi cation, local 
antibacterial implant protection can theoretically 
be achieved in at least three ways:

    1.    Passive surface fi nishing/modifi cation. 
Passive coatings do not release bactericidal 
agents to the surrounding tissues, but are 
aimed at preventing or reducing bacterial 
adhesion through surface chemistry and/or 
structure modifi cations. Examples of this 
approach include modifi ed titanium dioxide 
surface or polymer coatings.   

   2.    Active surface fi nishing/modifi cation. Active 
coatings feature pharmacologically active 
pre-incorporated bactericidal agents such as 
antibiotics, antiseptics, metal ions or other 
organic and inorganic compounds to down-
regulate implant-related infection. Current 
clinical successful applications of “contact 
killing” active surface are silver- or iodine- 
coated joint implants.   

   3.    Peri-operative antibacterial local carriers or 
coatings. The local antibacterial carrier or 
coating, biodegradable or not, is applied dur-
ing surgery immediately prior or at the same 
time of the implant and around it; it may have 

direct or synergistic antibacterial activity or 
simply deliver high local concentrations of 
one or more loaded antibacterials. Antibiotic- 
loaded polymethylmethacrylate is the fi rst 
example of a successful non-degradable, drug 
eluting, local carrier and coating for joint 
prosthesis     

    Passive Surface Finishing/Modifi cation 
 A change in the surface chemistry and/or struc-
ture of the bulk implant can be achieved either by 
chemically or physically altering the surface 
layer in the existing biomaterial (e.g., oxidation 
or mechanical modifi cations like roughening/
polishing/texturing). 

 The surface characteristics of implants such as 
surface roughness and chemistry, hydrophilicity, 
surface energy, surface potential and conductiv-
ity play in fact crucial roles in initial bacterial 
adhesion to implants and subsequent biofi lm for-
mation. Modifi cation of the physiochemical sur-
face properties of the implant is a relatively 
simple and economic way to counteract bacterial 
colonization. 

 For example, ultraviolet light irradiation can lead 
to an increase in “spontaneous” wettability on tita-
nium dioxide, which can inhibit bacterial adhesion 
without compromising osteogenesis on titanium 
alloy implants [ 39 ,  40 ]. A bacterial anti- adhesive 
surface can also be achieved by modifying the crys-
talline structure of the surface oxide layer [ 41 ]. 

 In addition to physiochemical modifi cations 
on the biomaterial surface, certain polymer 

   Table 28.1    Requirements to be fulfi lled by the “ideal” antibacterial implant coating strategy   

 Requirements  Fulfi llments 

 Safety  No short-term local 
toxicity 

 No short-term 
systemic toxicity 

 No detrimental 
effects on bone 
healing 

 No unwanted 
long-term side 
effects 

  In vitro  activity  No cytotoxicity or 
genotoxicity 

 Bactericidal and 
antibiofi lm activity 
against various 
pathogens and on 
different surfaces 

 Large spectrum  No resistance 
induction 

 Effi cacy  Proven  in vivo   Case series  Multicenter trials  Randomized trials 

 Ease-of-use  Easy handling  Versatility  Resistance to 
press-fi t insertion 

 Storage 

 Market  Acceptable cost  Large availability  Easy to manufacture  Overcomes 
regulatory issues 
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   Table 28.2    Classifi cation of antibacterial implant protection strategies   

 Strategy  Features  Examples 
 Development 
stage  Limits 

 Passive surface 
fi nishing/
modifi cations 

 Prevention in 
adhesion and 
adsorption 

 Hydrophylic surface  Preclinical  Limited antibacterial and 
antibiofi lm activity. 
 Possible interference with 
osteointegration. 
 Unknown long-term effects 
 Regulatory issues. 

 Super-hydrophobic 
surface 

 Anti-adhesive polymers 

 Nano-patterned surface 

 Albumin 

 Hydrogels 

 Biosurfactants 

 Active surface 
fi nishing/
modifi cations 

 Inorganic  Metal ions and 
nanoparticles: Silver 

 Market  Incomplete implant coating 
 Questionable long-term toxicity 
 Limited versatility and 
applicability 
 Limited large scale applications 
 Possible bacterial resistance. 
induction 
 Costs 

 Other metals (copper, 
zinc, titanium dioxide 
etc.) 

 Preclinical  Questionable long-term toxicity 
 Regulatory issues. 

 Non-metals: Iodine  Clinical  Incomplete implant coating 
 Questionable long-term toxicity 
 Challenging large scale 
application 
 Regulatory issues 

 Other non-metal ions 
(selenium, grapheme, 
etc.) 

 Preclinical  Poorly studied compounds. 
 Coating resistance to press-fi t 
insertion. 
 Questionable long-term toxicity 
 Challenging large scale 
application. 
 Regulatory issues. 

 Organic  Coated linked antibiotics  Market  Unique application to nail 
coating 
 Long-term effects on 
osteointegration 
 Single antibiotic (gentamicin) 

 Covalently linked 
antibiotics 

 Preclinical  Incomplete implant coating. 
 Questionable long-term toxicity 
 Challenging large scale 
application. 
 Regulatory issues. 

 Antimicrobial peptides  No data on  in vivo  or clinical 
effects 
 Coating resistance to press-fi t 
insertion 
 Questionable long-term toxicity 
 Challenging large scale 
application. 
 Regulatory issues. 

 Cytokines 

 Enzymes and biofi lm 
disrupting agents 

 Chitosan derivatives 

 Synthetic  Non-antibiotic 
antimicrobial 
compounds 

 “Smart” coatings 

 Combined  Multilayer coating 
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coatings such as the hydrophilic polymeth-
acrylic acid, polyethylene oxide or protein resis-
tant polyethylene glycol can be applied to the 
surface of titanium implants and result in sig-
nifi cant inhibition of bacterial adhesion [ 42 – 44 ]. 
Although some of these coatings may impair 
local osteoblast function on the surface of 
implant, the use of additional bioactive mole-
cules such as sericin and RGD motif with the 
immobilization technique could restore and 
even improve the impaired cell function [ 43 ]. 
On the other hand, hydrophobic and superhy-
drophobic surface  treatment technologies have 
shown a great repellent antibacterial effect in 
preclinical studies [ 45 ,  46 ]. 

 Other research pathways have shown how the 
biological response to biomaterials can be con-
trolled via alterations in surface structure and 
design [ 47 ,  48 ]. In this regard, many studies are 
currently focused on the effect of changing the 
implant surface at a nanometric scale, at which 
bacterial adhesion does not simply follow the 
roughness of the surface but also is dependent on 
other variables like the quantity of adsorbed pro-
teins. At nanomeric level, when roughness 
increases, the formation of a thick protein layer 
on such implant surface could in fact suppress 
bacteria adhesion [ 49 ]. 

 Treating protein-surfaces and/or protein- 
bacteria interactions may also be a successful 
strategy of inhibiting bacterial adhesion to a spe-
cifi c biomaterial [ 50 ]. Proteins such as albumin, 

fi bronectin, fi brinogen, laminin, denatured colla-
gens, and some plasma/tissue lipids are the fi rst 
host substances that interact with the surface 
structure of the biomaterial. Reduction of condi-
tional lipid-protein layer formation can be 
achieved by changing surface physico-chemical 
characteristics, and/or surface micro-morphology 
[ 51 ]. Friedman  et al . using a rabbit model, dem-
onstrated reduced bacterial adherence on pure 
titanium samples and decreased infection rates of 
implants coated with cross-linked albumin [ 52 ]. 

 More recently, novel strategies include produc-
tion of self-assembled mono- or multilayers, sur-
face grafting or hydrogels, or the use of biosurfactants 
and microbial amphiphilic compounds with excel-
lent anti-adhesive properties [ 53 ,  54 ]. 

 In summary, to date a number of anti-adhesive 
tactics have been proposed for different purposes. 
Only a few, however, have met the elementary 
features required for bone implant usage. 
Specifi cally, a strong anti-adhesive layer cannot 
be used for coating of fi xation surfaces of total 
joint arthroplasty because it could also prevent 
host bone osseointegration and lead to early 
mechanical failure [ 46 ,  47 ]. Another challenge of 
designing antiadhesive technologies relates to the 
current inability to design a universal surface 
treatment that can be applied to all surfaces, all 
bacterial species, and under all (ingrowth and 
noningrowth) implants. Moreover, passive coat-
ing methods should be preferred as long as their 
antibacterial ability is strong enough to prevent 

 Strategy  Features  Examples 
 Development 
stage  Limits 

 Peri-operative 
antibacterial local 
carriers or 
coatings 

 Not-
biodegradable 

 Antibiotic-loaded 
polymethylmetacrylate 

 Market  Resistance and small-colony 
variants induction 
 No antibiofi lm effect 
 Incomplete implant coating 
 May not be used for cementless 
implants 

 Biodegradable  Antibiotic-loaded bone 
grafts and substitutes 

 Market  Limited availability 
 Not proven effi cacy as implant 
coating 
 Cost 

 Fast-resorbable hydrogel  Market  Early clinical use 

Table 28.2 (continued)
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biofi lm formation. However, the effectiveness of 
passive coatings for decreasing bacterial adhe-
sion is limited and varies greatly depending on 
the bacterial species [ 55 ]. 

 Moreover, long-term effects of these new 
technologies both on host’s cells and on bacterial 
resistance are poorly understood and need to be 
further investigated before clinical applications 
and market introduction.  

    Active Surface Finishing/Modifi cation 
 Surface fi nishing/modifi cation may include phar-
macologically active pre-incorporated antibacte-
rial agents or compounds, like antibiotics, 
antiseptics, metal ions and organic molecules. 
Such pharmacologically activated coatings may 
change the implant from a passive, inert biomate-
rial, to a new drug formulation, with diffi cult to 
predict long-term effects and challenging regula-
tory issues that prevented until now clinical 
application of many otherwise promising 
technologies. 

 Historically, two main strategies have been 
proposed for effective antibacterial surface treat-
ment either “contact killing” or drug eluting, 
while in terms of durability, we can distinguish 
between degradable and non-degradable coat-
ings. In killing bacteria they rely on diverse 
mechanisms of action, which may interfere with 
a cell respiration or division, cell wall formation 
or bacterial signalling network (e.g., quorum 
sensing) as well as inhibition of the transition of 
planktonic phenotype of bacteria into a sessile 
type [ 56 ]. This tactic is aimed at prolonging the 
window of opportunity for both prophylactic 
antibiotic activity and the host immune response. 

 Antibacterial surface technologies can employ 
metals (silver, zinc, copper,  etc .), non-metal ele-
ments (e.g., iodine, selenium), organic substances 
(antibiotics, anti-infective peptides, chitosan, 
other substances), and their combinations. 

 Antibacterial activity of the majority of metal 
coatings is closely linked to the ionic or nano 
form rather than to the bulk material [ 57 ]. Silver 
is the most prevalent metal used in biomedical 
applications. Dissolved silver cations are bio-
chemically active agents that interfere with bac-
terial cell membrane permeability and cellular 

metabolism. Silver also contributes to formation 
of reactive oxygen species and other mechanisms 
that potentially infl uence prokaryotic cells [ 58 ]. 
There has been concern, however, about the tox-
icity of silver ions. Even in minute levels silver 
can adversely affect surrounding cells and lead to 
potentially harmful accumulation in distant loca-
tions [ 59 ]. Research efforts have focused on the 
development of silver coating technologies that 
reduce or even eliminate toxicity while maintain-
ing constructive antibacterial effects [ 60 ,  61 ]. 
Despite demonstrated clinical effi cacy and safety 
in recent comparative studies [ 62 ,  63 ], routine 
using of silver coated implants remains rather 
limited. The main obstacles preventing broader 
usage of such technology are cytotoxicity on 
bone cells, that prevented until now coating of 
the intra-medullary part of the prosthesis. In 
addition, cost issues and the inability to apply the 
technology to a variety of prosthetic implants and 
devices further prevent its application outside 
oncological or highly selected cases. 

 Copper and zinc also have potent antibacterial 
effects on a wide spectrum of bacterial species 
[ 64 ,  65 ], however, potential toxic side effects of 
these metals remain a strong concern [ 66 ]. 
Proposed solutions include copper- and zinc- 
based nanomaterials or, alternatively, controlled 
release [ 67 ]. The risk of bacterial resistance to 
metallic coatings remains a potential limitation 
for their widespread use [ 68 ]. Concern also exists 
about the mechanical properties of implant nano-
coatings since damage may occur during surgical 
implantation especially in cementless implants 
inserted via press-fi t methods [ 69 ]. 

 Another interesting technology related to 
modifi cation of commonly used alloys, like tita-
nium. The anti-infective potential of titanium 
dioxide layers has been widely investigated and 
proven effective  in vitro  both alone [ 70 ] or in 
combination with other substances [ 71 ]. 

 Non-metal elements like hydrogen, chlorine, 
iodine, or oxygen are commonly used in biomedi-
cine for their anti-infective properties. Selenium 
bound covalently onto the surface of titanium or 
titanium alloy implant discs have been shown to 
prevent  Staphylococcus aureus  and  Staphylococcus 
epidermidis  attachment without affecting osteoblast 
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viability [ 72 ]. Selenium catalyzes the formation of 
superoxide radicals and subsequently inhibits bac-
terial adhesion and viability. In addition, selenium 
nanoparticles can inhibit bacterial growth and bio-
fi lm formation [ 73 ]. 

 Ongoing research is also directed to determine 
the clinical applicability of carbon substances 
like graphene or carbon nanotubes, that can be 
synthesized in multifunctional layers [ 74 ]; how-
ever, the most interesting technology today under 
study, related to non-metal elements, is probably 
iodine coating of titanium alloys, that has recently 
demonstrated clinical effi cacy in a continuous 
series of 222 patients with excellent results [ 75 ]. 

 Several organic compounds with antibacterial 
properties have the potential to be linked to the 
surface of implants conferring them anti- infective 
properties. A large number of studies have inves-
tigated the effi cacy of surfaces coated with cova-
lently linked antibiotics [ 76 – 80 ]. Clinical 
effectiveness of such implants is most likely lim-
ited to infections caused by bacteria that are sen-
sitive to the specifi c antibiotic that has been 
coupled. In addition, strong forces such as cova-
lent binding are insuffi ciently sensitive to react to 
weak external stimuli [ 81 ]. In fact, despite the 
theoretical advantages for non-eluting systems, 
this concept is limited by the fragility of the coat-
ings and killing activity potential of bacteria 
which might not be directly adjacent to the 
implant. To overcome these issues, combinations 
of antibiotics with other compounds have been 
proposed either alone or in association with a 
particular mechanism of controlled release [ 82 ]. 
Antibiotics such as gentamicin, vancomycin and 
others have been loaded into porous hydroxyapa-
tite (HA) coatings on titanium implants. The 
antibiotic-HA coatings exhibit signifi cant 
improvement in preventing infection compared 
with standard HA coatings in vivo, but there are 
still many unresolved issues regarding the meth-
odology of antibiotic incorporation into the HA 
coating and the optimal release kinetics and pos-
sible detachment of the coating at the time of 
press-fi t insertion. 

 Biodegradable polymers and sol–gel coatings 
are also utilized to form controlled release 
antibiotic- laden coatings on titanium implants 

[ 83 ,  84 ]. Clinical applications of antibiotic- 
loaded D-poly-lactate acid/gentamycin intra- 
medullary coated nail have been recently reported 
with early positive results [ 85 ]. 

 Some antiseptic agent such as chlorhexidine, 
chloroxylenol or poly-hexamethylenebiguanide 
have demonstrated effi cacy and might be an 
alternative to avoid the risk of drug resistance. 
Chlorhexidine can be adsorbed to the TiO2 layer 
on titanium surfaces and is released gradually 
over several days [ 86 ]. Its release pattern is simi-
lar to that of antibiotic-laden coatings with an 
initial rapid release rate followed by slower but 
sustained release [ 87 ]. 

 Another promising approach involves coating 
implants with antimicrobial peptides, cytokines 
or other molecules critical for host response to 
bacteria invasion. This heterogeneous group of 
substances has proven experimentally their effi -
cacy against a wide range of pathogens [ 88 ]. 
Antimicrobial peptides, like antibiotics, function 
via damage of the cell wall and inhibition of key 
bacterial protein synthesis. In addition, they exert 
infl uence upon infl ammation, tissue healing, and 
apoptotic events [ 89 ]; resistance to antimicrobial 
peptides has been reported less frequently than to 
antibiotics [ 90 ]. Initial experiments demonstrated 
that a thin layer of antimicrobial peptides affi xed 
onto the surfaces of metal alloys exhibit excellent 
antibacterial effects against typical pathogens 
related to PJI [ 91 ]. 

 Chitosan (CS) is a polycationic polymer 
derived from chitin that exhibits antibacterial and 
antifungal activity. The exact mechanism of 
action remains poorly understood. There is some 
evidence that CS derivatives can be fi rmly 
anchored to titanium alloys and that they have a 
protective effect against some bacterial species 
either alone or in combination with other antimi-
crobial substances like antibiotics or antimicro-
bial peptides [ 92 ,  93 ]. CS derivatives secured to 
external fi xator pins have been studied as a 
method of preventing pin tract infections [ 94 ]. 
However, we are not aware a study to date report-
ing data from clinical setting. 

 Long-term impact of permanently coated 
implants with antibiotics and other organic com-
pounds, never used before either for local or general 
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administration, does raise concerns regarding pos-
sible induction of bacterial resistance, local and 
general toxicity and possible detrimental effects on 
implant osteointegration, ultimately preventing 
clinical applications until now. 

 Still more complex approaches involve the 
development of multifunctional surface layers, like 
functional polymer brush coating, that combine 
anti-adhesive and antimicrobial substances and 
other compounds able to enhance tissue integration 
[ 95 ], while “smart coatings”, sensitive and respon-
sive to a variety of stimuli, including the presence 
of bacteria [ 96 ], are another fascinating but futuris-
tic research pathway, that poses a number of open 
questions, like feasible coating manufacturing pro-
cess, non-adverse reactions  in vivo , mechanical 
resistance and preservation of intended functional-
ities throughout the life of the device, etc.  

    Peri-operative Antibacterial Carriers or 
Coatings 
 Instead of pre-manufactured surface modifi ca-
tions, either with or without pharmacologically 
active agents, a different approach to implant 
protection from bacterial colonization may be to 
provide a traditional implant with an antibacterial 
carrier or coating at the time of surgery. The sep-
aration of the protective solution from the implant 
until surgery may reduce the regulatory require-
ments and increase the applicability of a univer-
sal antibacterial coating to many different already 
existing implants and biomaterials. 

 Local administration of antibiotics historically 
attracted much attention in orthopaedics. 
Buchholz et al. fi rst popularized the incorpora-
tion of antibiotics into polymethylmethacrylate 
(PMMA) bone cement for local antibiotic pro-
phylaxis in cemented total joint arthroplasty [ 97 ]. 
Clinical studies have shown that antibiotic loaded 
bone cement can decrease deep infection rates of 
cemented total hip arthroplasties and revision 
rates due to supposed “aseptic” loosening when 
combined with systemic antibiotic administra-
tion [ 98 ] and this solution has been found both 
effective and economically sound, especially in 
high risk patients [ 99 ,  100 ],. However, PMMA 
was not designed as a local delivery carrier of 
antibiotics and may have some limits. Antibiotic- 

loaded PMMA may not overcome biofi lm forma-
tion and may be associated with the development 
of antibiotic-resistant “small-colony variants” 
[ 101 ,  102 ], while the increasing use of cement-
less implants worldwide, especially at the hip 
site, make this a possible option only for a 
restricted number of patients. 

 Other porous materials for local antibiotic 
delivery like collagen sponges [ 103 ], cancellous 
bone [ 104 ] and calcium phosphate cements [ 105 , 
 106 ] were not specifi cally designed to protect 
implanted biomaterials and their use for routine 
infection prevention in joint prosthesis is limited 
by their insuffi cient  in vitro ,  in vivo  and clinical 
evidence of effi cacy in this specifi c application, 
their inability to be applied as a coating to all 
implants’ surfaces, their relatively high costs and 
possible interference with primary implant fi xa-
tion and long-term osteointegration. 

 Based on these examples and in an effort to 
overcome their limits, a challenging option is to 
design specifi c, effective and easy-to-use anti-
bacterial coatings, that can be applied at the time 
of surgery directly on the implant by the surgeon, 
either pre-loaded or intra-operatively with anti-
bacterials. In this regard, biocompatible hydro-
gels do represent a possible attractive solution as 
they have demonstrated capabilities to deliver 
local pharmacological agents and may be 
designed to meet the desired elution pattern 
[ 107 ]. Recently, a fast-resorbable hydrogel coat-
ing, that can be loaded intra-operatively with 
various antibacterials, has been introduced in the 
European market [ 108 ] and may open a novel 
perspective in the fi eld of antibacterial coatings.   

    Fast-Resorbable Antibiotic-Loaded 
Hydrogel Coating: A Paradigm Shift? 

 Passive and active surface modifi cations of 
implants have been traditionally studied in order 
to provide long-term or permanent antibacterial 
protection of coated devices. However, the patho-
genesis of biofi lm-related infections points out 
how the destiny of an implant, as to regard bacte-
rial colonization, is decided within the very fi rst 
hours after insertion into the human body and this 
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also explains the equal effi cacy of shot- and long- 
term systemic prophylaxis to prevent PJIs [ 109 ]. 
On the other hand, long-term or permanent anti-
bacterial coating also increases possible unwanted 
long-term side effects, including local and sys-
temic toxicity or bacterial resistance induction, 
that may be diffi cult to predict and control; this 
has obvious impact on regulatory aspects, pre-
venting widespread acceptance of this strategy 
and imposing expensive validation studies, that 
are currently extremely diffi cult to perform. 

 A short-term local delivery system, on the 
contrary, may meet the requirements needed to 
win the “run to the surface,” while limiting pos-
sible unwanted side effects. In principle, in fact, 
the ideal antibiotic delivery coating should 
release antibiotics at optimal bactericidal levels 
for a suffi ciently long period of time to prevent 
potential infection, i.e. few hours after surgery as 
far as post-surgical infections are concerned, and 
then subsequently antibiotic release should cease 
quickly to eliminate the risk of developing antibi-
otic resistance. In addition, any untoward effects 
of antibiotics on tissue integration of the implant 
should be minimized [ 110 ]. 

 This has been recently put into practice realiz-
ing a novel fast-resorbable hydrogel coating, 
composed of covalently linked hyaluronan and 
poly-D,L-lactide, “Defensive Antibacterial 
Coating”, DAC® (Novagenit Srl, Mezzolombardo, 
Italy) (Fig.  28.2 ), which undergoes complete 
hydrolytic degradation in vivo and that is able to 
completely release a variety of different antibacte-
rials at concentrations ranging from 2 to 10 %, 
including glycopeptides, amynoglycosides, fl uo-
quinolones, etc. within 48–72 h (Table  28.3 ) 
(Video  28.1 ). The hydrogel showed a synergistic 
antibacterial activity with various antibiotics and 
antibiofi lm effect could be demonstrated in vitro 
on different substrates and against different com-
mon pathogens involved in orthopedic implant- 
related infections. Moreover, once applied on 
titanium standard joint prosthesis, the hydrogel 
coating did show to resist press-fi t insertion both 
in the animal model and in human femurs. Also, 
histocompatibility studies did show the absence 
of infl ammatory or degenerative signs and physi-
ological bone growth in animal models [ 111 ]. 

Finally,  in vivo  studies have recently demon-
strated, for the fi rst time, the effi cacy of the 
short- term local prophylaxis offered by vancomy-
cin-loaded DAC hydrogel in an animal models of 
highly contaminated implant both with [ 112 ] and 
without systemic prophylaxis [ 113 ].

    These fi ndings have brought to the introduc-
tion of the coating in the market at the end of 
2013 and more than 800 implants have been per-
formed until now in different countries in Europe 

  Fig. 28.2    Defensive Antibacterial Coating, DAC® 
(Novagenit Srl, Mezzolombardo, Italy): a novel fast- 
resorbable hydrogel coating, composed of covalently 
linked hyaluronan and poly-D,L-lactide, is spread onto a 
cementless hip prosthesis. The hydrogel is loaded intra- 
operatively with one or more antibiotics, that are released 
within 48–72 h after, thus providing antibacterial and anti-
biofi lm protection to the implant       

   Table 28.3    Tested antibacterial to be leaded with DAC 
hydrogel coating at concentrations ranging from 2 to 10 %   

 Antibacterial family  Tested antibiotics 

 Aminoglycosides  Gentamicin 

 Tobramycin 

 Amikacin 

 Carbapenems  Meropenem 

 Glicopeptides  Vancomycin 

 Teicoplanin 

 Quinolones  Ciprofl oxacin 

 Glicopeptites  Daptomycin 

 Rifamycins  Rifampicin 

 Tetracuclines  Tigecyclin 

 Oxazolidinones  Linezolid 

 Antifungals  Amphotericin B 

 Fluconazole 

 Ketoconazole 

  113 and Novagenit Srl data on fi le  
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(Fig.  28.3 ). Clinical results allow at the moment 
to confi rm the safety of the device, without any 
reported side effect [ 114 ], while the effi cacy is 
still under evaluation in one multicenter trial, par-
tially funded by the European Commission under 
the Seventh Framework Programme on Research 
Technological Development and Demonstration 
(Grant 277988).

   If proven effective, this technology may 
change current perspective in local antibacterial 
protection of implanted biomaterials in orthope-
dics and eventually in other disciplines, 
offering

    1.    Effi cacy toward early bacterial colonization, 
providing complete protection of the implant 
for the time needed to win the “race to the sur-
face,” i.e, in the fi rst hours after surgery;   

   2.    Safety, as high local concentration and fast 
and complete release of the antibacterial may 
avoid induction of antibiotic resistance and 
possible risks of long-term effects on bone 
healing;   

   3.    Versatility, through intraoperative mixing with 
a choice of different antibacterial agents and 
possible application to virtually all currently 
used implants and biomaterials (Video  28.2 );   

   4.    Ease of handling;   
   5.    Reduced costs for large-scale application.       

    Conclusion 

 Examination of published studies on antibac-
terial coating technologies suggests a strik-
ing discrepancy between proposed strategies 
of antibacterial surface treatment and ulti-
mate completion of  in vitro  and  in vivo  

a

c d

b

  Fig. 28.3    ( a ) Sequelae of septic hip arthritis ( Strept. 
mutans ) in a young male patient. ( b ) Vancomycin 5 % 
loaded DAC® hydrogel is applied on the sanded titanium 
surface of a standard cementless hip prosthesis, both on 

the acetabular and ( c ) in the femoral component, that is 
press-fi t inserted in the diaphysis according to the normal 
procedure. ( d ) Control after 12 months shows bone osteo-
integration. The patient is pain-free       
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experimentation. In fact, it appears that little 
progress is being made in the translation of 
the aforementioned modalities into clinically 
useful technologies. Barriers to translational 
medicine in this fi eld are most likely related 
to economic, medico-legal, regulatory and 
biotechnological issues. 

 Most of the studied coatings in fact are not 
suitable for surface treatment of orthopedic 
implants due to problems with cytotoxicity, 
immunoreactivity and genotoxicity [ 115 ], 
while clinical application of those success-
fully tested  in vitro  and  in vivo  may be limited 
by a number of various concerns,. Improving 
collaborative efforts amongst governments, 
regulatory agencies, industry leaders and 
health care payers will probably allow more 
patients to benefi t from these technologies. 

 Another important consideration in design-
ing implants with antibacterial coating relates 
to the characterization of reasonable and justi-
fi able cost. Theoretically all patients undergo-
ing total joint arthroplasty are at risk for 
PJI. On the other hand, the risk for PJI is not 
homogenously distributed among patients and 
is stratifi ed into the specifi c groups of “high 
risk” patients. Therefore, it might be convinc-
ing to implant “biofi lm resistant” prostheses 
only in patients at increased risk of 
PJI. However, a validated tool for screening 
patients for increased risk of PJI does not cur-
rently exist and we have no data to confi rm the 
validity of patient selection with regard to one 
antibacterial prophylaxis or another. In this 
panorama, a preventative strategy involving 
all patients undergoing primary and revision 
total joint arthroplasty would probably be 
more  justifi able than a more restrictive 
approach targeting high risk patients, but only 
as far as the relative cost of any coating tech-
nology remains affordable on a large scale. 

 To this aim, well designed prospective 
studies on relatively inexpensive and easy-to-
use technologies are fi rst necessary, in order to 
demonstrate the signifi cant reduction of 
implant-related infections, while cost to ben-
efi t analysis may then drive the most correct 
implementation in the clinical setting.      
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      The Future of Periprosthetic 
Joint Infections                     
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    Abstract  

  We have highlighted the complexity of periprosthetic joint infections in 
the previous chapters, specifi cally the diffi culty in preventing, diagnosing, 
and managing these troublesome complications. The future of peripros-
thetic joint infections may at fi rst appear bleak. The number of arthro-
plasty procedures is growing, parallel with an aging population, and if the 
incidence of infections remains constant, the number of patients suffering 
will also increase. 

 However, multiple initiatives and strategies have been, or are being, 
developed to help improve the fi ght against these infections. We may be on 
the brink of reducing the impact these devastating infections have upon 
our patients, as well as reducing their socioeconomic impact. This chapter 
reviews many of these encouraging strategies, which gives us hope that all 
is not as bad as we had fi rst thought.  

  Keywords  
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      Introduction 

 The previous chapters have highlighted the com-
plexity of periprosthetic joint infections (PJIs) in 
terms of prevention and risk stratifying of 
patients, diagnosing the presence of infections 
via a number of modalities, and the management 
of patients with acute or established infections by 
a combination of medical and surgical approaches. 
Unfortunately, as a profession we have failed to 
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eradicate the threat of infection, perhaps we never 
will. 

 It is important to continue to develop new 
strategies to reduce the consequences of infection 
and control the impact they have upon our 
patients, as well as the economy. The future for 
PJI is promising. In this chapter we review a 
number of emerging, and potentially ground 
breaking, novel and unique strategies that may 
revolutionize our approach to fi ghting these 
infections. The ultimate goal is to give us the 
advantage, and improve the overall care we can 
provide our patients.  

    Prevention 

 Preventing the onset of PJI, through a combination 
of different approaches is key in reducing the 
burden that we face. Several therapies are being 
developed that could have a role in preventing 
contamination and biofi lm production during the 
primary arthroplasty, by acting directly at the 
implant surface, systemically, or externally. 

 One of the most focused areas for ongoing 
research is at the surface of the implant, the site 
most in contact with the patient, and at risk of 
biofi lm formation. Modifi cations to the 
composition of the prosthesis, as well as potential 
coverings have been explored. 

 Antibacterial and antibiofi lm coatings have 
been developed to inhibit bacterial adhesion and 
biofi lm formation. When applied directly to the 
surface of the implant, these agents are able to act 
locally and higher concentrations can be reached 
that otherwise would not have been able systemi-
cally, with the aim to prevent initial bacterial 
adhesion and subsequent biofi lm formation. The 
non-adherent bacteria would then be more 
exposed to systemic and local antibiotics, and 
host immune defenses, improving eradication [ 1 ]. 

 These coatings are either based upon estab-
lished antibiotics, such as vancomycin [ 2 ], genta-
micin [ 3 ], and levofl oxacin [ 4 ], or are biologically 
active compounds. 

 The antibiotics can be added to the surface of 
the implant as a biodegradable and non- 
biodegradable polymer coating (or sleeve), or 

covalently tethered to the surface [ 1 , 5 – 7 ]. 
Biodegradable polymers are advantageous at the 
time of surgery and in the early postoperative 
period as they release a high concentration of 
antibiotics initially, as demonstrated by over two 
thirds of gentamicin released during the fi rst 3 
days following implantation [ 3 ]. However, they 
may be at risk of bacterial resistance and adhesion 
when the antibiotics levels are low [ 8 ]. 

 Non-biodegradable polymers persist for 
longer periods, releasing antibiotics at a slower 
rate generally over months [ 8 ], whereas 
covalently tethered antibiotics, such as 
vancomycin, can be released over years as 
demonstrated in animal models [ 1 , 9 ]. 

 Success in the application and development of 
a biodgradable polymer has been shown by 
Metsemakers et al. [ 10 ]. They investigated the 
effi cacy of a biodegradable polymer-lipid encap-
sulation matrix (PLEX) that was loaded with the 
doxycycline, and used in cases of implant-associ-
ated osteomyelitis. They demonstrated through 
in-vitro studies that 25 % of the doxycycline was 
released within the fi rst day, followed by a 3 % 
release per day up to day 28. It was highly effec-
tive against meticillin- sensitive  Staphylococcus 
aureus  (MSSA) for at least 14 days. In-vivo rabbit 
model studies with infected titanium PLEX-
doxycycline-coated intramedullary nail, demon-
strated no growth of doxycycline-sensitive 
MSSA, and a statistically signifi cant reduction in 
the number of culture- positive samples for doxy-
cycline-resistant MSSA [ 10 ]. 

 Biologically active agents such as deoxyribo-
nuclease (DNase) I and Dispersin B, have shown 
promising outcomes as antibiofi lm agents [ 11 ]. As 
biofi lm-dispersing enzymes they interrupt the 
physical integrity and increases the permeability 
of the protective biofi lm matrix via a number of 
mechanisms. In-vitro studies have demonstrated 
increased susceptibility to antibiotics, as they now 
penetrate this layer, and gain direct access to the 
bacteria [ 11 , 12 ]. This has been confi rmed follow-
ing in-vivo studies combining Dispersin B and tri-
closan, with resultant antibiofi lm and antibacterial 
activity against  Staphylococcus aureus  (S. aureus) 
and  Staphylococcus epidermidis  (S. epidermidis), 
the main causative organisms of PJI [ 13 ]. 
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 Compounds extracted from marine microor-
ganisms [ 14 , 15 ] and peptides from reptiles [ 16 ], 
demonstrate natural antibiofi lm and bacterio-
static activity (Table  29.1 ) [ 18 , 19 ]. Genomic 
sequencing has taken place to identify the under-
lying structure of these compounds to enable 
resynthesis and antimicrobial testing [ 16 ]. 
Further studies may enable greater understanding 
of these compounds that may 1 day be adapted as 
biological coatings.

   Resistance to antibiotics is becoming increas-
ingly common, and many fear that tethered or 
antibiotic carriers may exaggerate this further. In 
response, other anti-infective coatings such as 
incorporate nanoparticulate metal ions have gen-
erated much interest. 

 The only commercially available metal ion 
incorporated within the surface of the prosthesis 
and currently indicated for revision surgery is 
silver [ 20 ]. Silver is known to have broad- 
spectrum antibacterial properties against other-
wise multi-drug resistant organisms [ 21 ]. Its 
mode of action remains relatively unclear with 
an antibacterial effect seen under aerobic and 
anaerobic conditions [ 12 , 22 ].  S. aureus  and  S. 
epidermidis  are sensitive to silver, with signifi -
cant bactericidal activity demonstrated in in-
vitro studies [ 23 , 24 ]. The rate of eradication is 
similar to high-dose tetracycline and vancomy-
cin [ 25 ]. Similarly, other metals ions, including 
carbon, zinc, iron, and titanium, have shown 
potential antimicrobial and antibiofi lm in in-
vitro testing [ 26 – 28 ]. 

 Within laboratory testing, silver has been suc-
cessfully applied to the surface of the prosthesis 
within a polymer coating [ 23 , 29 ], ceramics [ 30 ], 
or combined with other metal ions such as copper 
[ 31 ]. The mid-term results of the commercially 
available silver implants show signifi cantly lower 
rates of a recurrence of infection following a two-
stage exchange arthroplasty ( p  = 0.03) [ 32 ]. 

 An alternative to silver being applied to the 
surface of the implant during the manufacturing 
process, gels may be used to apply antibacterial 
coatings at the time of surgery onto the implant 
immediately prior to insertion. Examples of this 
include Bactisure Ag. TM , a silver-based gel which 
is in the early stages of development [ 33 ] and an 
implant disposable antibacterial coating (iDAC) 
[ 34 ]. 

 Early results from iDAC in Europe have 
shown a benefi t in both primary and revision 
procedures [ 34 ] and in-vitro tests verify its 
chemical and physical stability, and safety 
[ 35 , 36 ]. iDAC is a short-acting biodegradable 
hydrogel, which combined with broad-spectrum 
antibiotics at the time of implant insertion, 
releases antibiotics at the implant surface for up 
to 96 h [ 36 ]. 

 Alternative methods for infection prevention 
include modifi cations to the operating theatre 
layout. Recent data has failed to show a clear 
benefi t for laminar airfl ow at preventing PJI, 
which is in widespread use in the United Kingdom 
[ 37 – 39 ]. In combination with ongoing 
improvements to ultra-clean ventilation, a 

   Table 29.1    Naturally occurring compounds demonstrating antibacterial and antibiofi lm properties originating from 
marine microorganisms [ 17 ]   

 Marine source origin 
 Compound extracted from the 
source 

 Bacteria susceptible to the extracted 
compounds 

 Algae Delisea pulchra  Furanone  Escherichia coli 

 Actinomycetes  Metabolites  Vibrio species 

 Coral Acropora digitifera  Bacillus horikoshii, 
 Vibrio natriegens, 
 Bacillus pumilus 
 Streptomyces akiyoshinensis (A3) 

 Streptococcus pyogenes 

 Pseudoalteromonas species  Exoproducts  Pseudomonas aeruginosa 
 Salmonella enterica 
 Escherichia coli, 
 Staphylococcus epidermidis 

 Bacillus licheniformis  Polysaccharide  Escherichia coli 

29 The Future of Periprosthetic Joint Infections



356

potential alternative may be to utilize ultraviolet 
light. Despite a potential risk to unprotected skin, 
used appropriately it can disrupt bacterial DNA, 
and subsequent replication and contamination 
[ 40 ]. Signifi cant improvement of PJI rates have 
been shown when comparing ultraviolet light to 
laminar airfl ow during primary arthroplasty [ 41 ], 
as it can be utilized to eradicate airborne and 
surface-based sources of pathogens [ 42 , 43 ].  

    Diagnostics 

 Diagnosing the presence of infection in an 
artifi cial joint can be extremely diffi cult. A 
variety of investigations have been discussed in 
the previous chapters, and often combines a 
variety of different modalities such as serological 
markers C-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR), radiological 
investigations such as plain radiographs, 
computed tomography (CT), or radionuclear 
imaging, and microbiological cultures of various 
specimens [ 44 ]. No single test is 100 % sensitive 
for PJI. In the presence of infection, samples 
often received from either investigative joint 
aspirations, or as a result of the surgical 
debridement, may be contaminated and the true 
pathogen may not be adequately identifi ed. 

 There is therefore a need to improve our 
methods of diagnosis. Several new methods to 
aid in diagnosis, such as sonifi cation of samples 
within the microbiology laboratory, and 
Synovasure® used within the operating room, 
have been discussed in previous chapters and 
may continue to play an important role in the 
near future. 

 A disadvantage of the sonfi ciation process is 
the need for dedicated laboratory tools found 
only in specialist centers, and the risk of 
contamination due to inappropriate sample 
handling, damage to containers, and bacterial 
proliferation in the sonication water [ 45 ]. An 
emerging technology to help improve the 
bacterial yield from an intraoperative sample or 
explanted implant, and prevent such 
contamination, is the use of DL-dithiothreitol 
(DTT; C4H10O2S2). 

 DTT is a sulfhydryl compound able to disrupt 
polysaccharides and proteins and alter the 
extracellular matrix of biofi lm, releasing bacteria 
from within it. DTT is in common use in 
liquefying specimens from the respiratory tract, 
and Drago et al. [ 46 ] applied this to explanted 
implants to determine if the bacteria released 
from the biofi lm would be able to be retrieved 
and cultivated with traditional methods. 
Approximately 450 periprosthetic tissue samples 
and 160 implants were analysed, and compared 
DTT to sonifi cation and standard tissue culture 
methods. DTT gave similar results to sonication 
in terms of bacterial yield, and specifi city 
(94.1 %), but a better sensitivity (85.7 %) [ 46 ]. 
Additional advantages of DTT includes the low 
toxicity, ease of use, and low relative costs. 

 The combination of DTT to a closed loop 
collection system has been developed. This 
enables the explanted implant or tissue to be 
placed within a sterile bag, DTT to be added, and 
the resultant liquid be retrieved in a sterile manner 
for analysis [ 47 ]. This may have a greater 
importance in the future to optimize sample 
transport and improve bacterial yield. 

 Current methods of identifying the presence 
of infection include identifying the presence of 
the pathogen via their enzymes, products, or their 
genes. Pathogen molecular diagnosis is mainly 
undertaken via polymerase chain reaction (PCR) 
techniques, the most sensitive of the existing 
rapid methods to detect microbial pathogens in 
clinical specimens [ 48 ]. PCR use in paediatric 
patients with culture-negative septic arthritis had 
improved the detection of bacteria in the joint 
fl uid compared to standard culture. In this 
retrospective analysis, 68 samples were analysed 
with PCR, and was positive in 32 cases (47.1 %). 
Combined with the results from standard blood 
and joint fl uid culture, PCR improved the rate of 
detection by 15.4 % [ 49 ]. However, in the setting 
of total joint arthroplasties with established 
biofi lm, PCR was less effective at identifying 
isolated pathogens compared to conventional 
culture [ 50 ], and results were delayed by up to 15 
days [ 49 ]. 

 Alternatives to standard PCR have helped 
reduce the delay in diagnosis, and includes 
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pathogen-specifi c real-time PCR [ 51 ] coupled to 
high-resolution melting curve analysis [ 52 ], 
fl uorescence in-situ hybridization using peptide 
nucleic acid probes [ 53 ], direct matrix-assisted 
laser desorption ionization–time of fl ight mass 
spectrometry [ 54 , 55 ], and BioFire Diagnostic’s 
FilmArray system [ 56 ]. The main disadvantage 
of each of these techniques is that they compare 
the samples to a narrow panel of known targets 
which includes a variety of the most common 
bacteria and yeasts [ 56 ]. 

 An alternative to these methods is the use of 
next generation sequencing (NGS) technology to 
determine the presence of pathogen DNA. NGS 
refers to non-Sanger-based high-throughput DNA 
sequencing technologies [ 57 ]. This new approach 
enables billions of DNA strands to be sequenced 
in parallel, minimising the need for fragment-
cloning often used in Sanger- sequencing [ 57 ]. 
Unlike methods based upon PCR, NGS can be 
used in an ‘open’ mode which does not rely on set 
parameters or a panel of targets. No preconceived 
ideas of the possible responsible pathogens are 
needed, and NGS searches all known databases 
for a match. Such technology adapted to infection 
is in early stages of development, and is led by 
C. Chiu [ 58 ]. He has developed a process of 
sequencing and identify pathogens using ultra-
rapid processes based upon clinical NGS metage-
nomics data. The process is able to produce results 
in 10 h to 2 days, a fraction of the time taken in 
other conventional methods. An alternative to this 
open approach is the use of NGS with a focused 
question, where specifi c genetic sequences relat-
ing to known, or likely pathogens, can be sought. 

 Although not in a clinical phase of testing for 
orthopaedic-related infections, such technology 
has been used in other scenarios such as analysing 
blood in febrile and afebrile children. Wylie et al. 
[ 59 ] identifi ed multiple viruses in plasma that 
corresponded with febrile children, that would 
not have been highlighted had PCR been utilized. 
Other clinical studies applying NGS have 
included stool samples from patients with 
diarrhoea [ 60 ], and urine samples from patients 
with suspected urinary tract infections [ 61 ]. 

 We believe NGS may revolutionise the 
diagnostics of PJI, and play an increasing role in 

identifying pathogens in infection revision cases 
resistant to antibiotic therapy, help determine the 
presence of pathogens in presumed aseptic 
loosening cases, and in identifying multiple 
pathogens in proven infected cases. 

 Furthermore the technology can be adapted to 
analyse patient genetic susceptibility to PJI, 
which may dictate their infl ammatory responses 
to infection, the implant and indeed their response 
to antibiotics therapy. Previous attempts have 
identifi ed specifi c genotypes that may make a 
patient susceptible, but due to amounts of data 
included in the study, these results are just 
preliminary at present. These studies suggest that 
C allele and genotype C/C for MBL-550 SNP, 
genotype A/A for MBL-54 SNP and G allele for 
MBL-221 SNP increase the risk of PJI, while G 
allele and genotype G/G for MBL-550 SNP 
decrease the risk of PJI in Caucasian populations 
[ 62 ]. Further research is required to determine 
the feasibility of epigenetic manipulation, as a 
potential route to preventing the development of 
PJI in genetic susceptible patients.  

    Treatment 

 The treatment of acute and chronic infected 
joints has been discussed in depth in the previ-
ous chapters. What is evident is the uncertainty 
of the various medical and surgical treatments. 
The multidisciplinary team should be the cen-
ter of discussions regarding each patient, and 
each decision individualised based on patient 
and pathogen factors and refl ect the most up to 
date high-level research. Surgically a variety of 
options exist to explore and debride the 
infected joint, with or without an exchange of 
mobile parts or revision arthroplasty [ 63 ], 
which is combined with medical antibiotic 
therapy. 

 Adjuvant therapies, applied alongside core 
surgical and medical treatments, may be the key 
to improving rate of eradication in the future. 
This may include phage or photodynamic 
therapy, and use of magnetic or electric currents, 
shockwave treatment, bioactive glass, or simply 
honey and vinegar applications to the implant. 
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 Phage therapy involves the use of programmed 
bacteriophages that target specifi c pathogenic 
bacteria, and eradicate them [ 64 ]. Bacteriophages 
are able to self-replicate and multiply to maintain 
a therapeutic level needed to deliver a prolonged 
antibacterial action specifi c to their targets [ 65 ]. 
Animal models have utilised linezolid and a 
broad spectrum lytic bacteriophage to target 
MRSA [ 66 ]. Applied to Kirschner wires, bacterial 
adhesion was reduced, without any obvious 
adverse effects [ 67 ]. If incorporated into a 
polymer which is applied to an implant, bacterial 
adherence, colonization, and subsequent 
reinfection may be prevented [ 68 , 69 ]. 

 Photodynamic therapy involves the combi-
nation of a photosensitive molecule and an 
activating low-intensity visible light, to form 
oxygen and hydroxyl radicals [ 70 ]. This results 
in targeted cell death, and can potentially be 
used to target specifi c sites adjacent to the 
implant, specifi c bacterial pathways, or spe-
cifi c pathogenic DNA [ 71 – 73 ]. Its benefi ts 
against infections has been seen in periodontal 
infections [ 74 ], and animal studies have proved 
its bactericidal effect against the biofi lm of  S. 
aureus  and  S. epidermidis  [ 75 , 76 ] and MRSA 
[ 77 – 79 ]. Following the uptake of the photosen-
sitizer within the biofi lm matrix, neutrophil 
function is heightened, with a resultant protec-
tive role [ 80 , 81 ]. 

 The potential role of photodynamic therapy 
may be pre- and postoperatively. Preoperatively 
the focused light on either a virgin or infected 
joint may help up-regulate neutrophils and 
improve the host defenses. Postoperatively, if a 
photosensitizer-coated prosthesis is inserted, the 
activating light can enable a release of oxygen 
and hydroxyl radicals directly at the implant- 
bone or implant-cement surface [ 17 ]. 

 Alternatively the surface of the implant may 
be magnetically or electrically charged prior to 
insertion. Metal ions, such as iron oxide ions, 
have magnetic properties and are able to directly 
disrupt bacterial cell walls [ 82 , 83 ]. The use of an 
externally placed magnetic fi eld may enable 
these ions to be focused to a specifi c area adjacent 
to the implant to disrupt the biofi lm, as demon-
strated in animal models [ 84 ]. 

 Electronically charged implants may have a 
role in reducing bacterial adherence to the 
prosthesis surface as bacteria have an inherent 
negative charge, important for bacterial adhesion 
to the implant surface [ 85 ]. In vitro studies have 
demonstrated a signifi cant reduction of bacterial 
adherence and survival, by alternating 
microcurrents across platinum electrodes when 
used in urological catheters [ 86 ]. Electronically 
polarized titanium [ 87 ] and bioceramic 
hydroxyapatite [ 88 ] have demonstrated 
signifi cantly reduced biofi lm formation and 
growth of  S. aureus  and  E. coli  at relatively low 
voltages (15–30 V). The practical implications of 
charging implants prior to insertion, or during 
insertion, has not been explored, and the impact 
upon ossteointegration is unknown. 

 Externally focused ultrasonic or laser- 
generated shockwaves has been shown to 
physically disrupt biofi lm and bacterial adhesion 
[ 29 ]. Laboratory studies have demonstrated the 
successful use of ultrasound in dislodging  E. coli  
off polyethylene disks implanted subcutaneously 
on the backs of rabbits, and when combined with 
gentamicin, the bacterial count was signifi cantly 
reduced [ 89 ]. Within a few seconds of focused 
laser-generated shockwaves, biofi lm associated 
with  P. aeruginosa , was completely destroyed 
from the threads of stainless steel screws [ 90 ]; 
however, this has not been assessed against deep 
seated infection as would be seen in hip PJI. 

 Bioactive glass (BAG), on the other hand, has 
been used in clinical trials due to its proven 
antimicrobial and osteoconductive properties. It 
can be augmented to be an alternative carrier to 
antibiotics as it is biodegradable, unlike standard 
poly (methyl methacrylate) cement. In-vitro and 
in-vivo studies have combined BAG with 
teicoplanin and gentamicin in a rabbit tibia 
osteomyelitis model [ 91 ]. The BAG was shown 
to convert to hydroxyapatite and supported the 
ingrowth of new bone into the tibia defects within 
12 weeks of implantation, whilst the teicoplanin 
had a sustained release of over the fi rst 9 days 
[ 91 ]. Gentamicin-loaded BAG pellets against  E 
coli  demonstrated an eradication rate of 81.8 % 
of infections in rabbits with tibial osteomyelitis, 
without the simultaneous use of a systemic 
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antibiotic [ 92 ]. Not only can the release of 
antibiotics be sustained, but they also help restore 
defi cient bone. 

 Drago et al. undertook in-vitro and clinical 
studies to determine the antimicrobial activity of 
bioglass BAG-S53P4 against multi-resistant 
microorganisms without the addition of 
antibiotics [ 93 ]. BAG-S53P4, composed of SiO2- 
Na2O- CaO-P2O5, was shown to promote 
antibacterial activity by altering local pH and 
osmotic pressures with resultant hostility and 
prevention to bacterial adhesion and proliferation 
[ 94 , 95 ]. After 72 h of incubation there was a total 
absence of growth of all pathogens (MRSA,  P. 
aeruginosa , methicillin-resistant  S. epidermidis  
and  A. baumanni ). The clinical element included 
a prospectively cohort of 27 patients with 
clinically and radiologically diagnosed 
osteomyelitis of the long bones. During the 
surgical debridement, the bone defect was fi lled 
with BAG-S53P4 granules without the addition 
of local antibiotics were added. As per their 
protocol the patients received microbe-specifi c 
systemic antibiotic therapy for 4–6 weeks 
postoperatively. At a mean follow-up of 
17.8 months (standard deviation 6.1 months) 24 
patients (88.9 %) did not demonstrate any 
recurrence of infection. Plain radiographs showed 
incorporation of the bioglass within the host 
bone, with an absence of osteolysis or periosteal 
reactions even though visible after 2 years from 
surgery [ 93 ]. They have shown that BAG is a 
viable option in the treatment of chronic 
osteomyelitis of the long bones, which could 
potentially be adapted in PJI. 

 Bioglass is a relatively modern approach in 
infection treatment. Vinegar (acetic acid) on the 
other hand has been used for centuries as a means 
of antisepsis in ulcerations and sores, dating back 
to the Hippocrates (460–377 BC) [ 96 ], and has 
recently been explored in PJI. It is currently used 
in ENT for the treatment of ear infections, super-
fi cially following wound debridement as part of a 
closed loop vacuum system [ 97 ], and in the treat-
ment of pseudomonal wound infections [ 98 ]. 
Compared to regular antibiotics, 0.5 % acetic acid 
outshone ampicillin, penicillin, cephalothin and 
tetracycline against wound infections contami-

nated with  S. aureus, E coli , Proteus species and 
coagulase-negative staphylococci, which was 
bactericidal to them all [ 99 ]. 

 Morgan-Jones et al. are currently exploring its 
function in revision total knee arthroplasty in a 
prospective cohort study of complex revision 
[ 100 ]. Following a meticulous debridement of 
the joint, the area is soaked for 20 min in 3 % 
acetic acid, prior to reimplantation of the 
defi nitive implant or replacement of mobile 
components. They have noticed no adverse 
effects in postoperative wound healing. After a 
mean follow-up of 6.6 months, they have had a 
recurrence of two infections (11.78 %) in patients 
undergoing debridement and implant retention. 
They conclude that acetic acid works best within 
the fi rst 6 h of surgery to prevent bacterial growth 
and they have noticed a small but defi nitive effect 
[ 100 ]. 

 The same team are also exploring the role of 
honey during complex revision procedures. 
Honey has also been used for wound care since 
ancient times. A Cochrane review determining 
the role honey in topical treatments found honey 
may reduce time to healing in acute wounds 
compared with some conventional dressings in 
partial thickness burns [ 101 ]. Surgihoney®, a 
mechanically processed honey, is freely available 
and demonstrates antimicrobial properties via the 
production and release of oxygen free radicals, 
and is active against gram-positive and gram- 
negative bacteria, including multi-drug-resistant 
strains [ 102 ]. Morgan-Jones et al. have applied 
this honey to the implant prior to closure and 
have early encouraging results [ 103 ]. 

 The aforementioned strategies have focused 
upon novel therapies utilising exogenous meth-
ods. There has also been heightened interest to 
develop vaccines and therapeutic antibodies that 
focus on antigens key to  S. aureus  pathogenesis, 
to improve patient active and passive immunity. 
Anti-staphylococcal immunotherapy has been 
developed for several decades, with a variety of 
different antigens being targeted; however, many 
attempts have failed [ 104 ]. 

 Merck V710 is one such vaccine. It inhibits 
the surface protein IsdB which is believed to play 
a role in iron uptake [ 105 ] and an anti-IsdB 
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vaccine has been protective in animal infection 
studies against most  S. aureus  strains [ 106 ]. 
Clinical trials are currently ongoing utilizing this 
vaccine in patients undergoing cardiothoracic 
surgery and hemodialysis [ 104 ]. Alfa-toxin, a 
polyclonal antibody against specifi c  S. aureus  
capsular polysaccharides, has been successfully 
used in a mouse lung infection models, infected 
with both MRSA and methicillin-susceptible 
strains [ 107 ], but clinical trials have not been 
attempted. A variety of other vaccines and 
antibodies are in development. Whilst none of 
these have evaluated their potential role when 
applied to PJI, we believe the use of these agents 
to target the infection microenvironment and 
bridge the innate and adaptive immune response 
has a promising role in the treatment and 
prevention of PJI.  

    Discussion 

 The number of arthoplasty procedures is 
increasing worldwide, with similarly increasing 
numbers of complex revision procedures. 
Multiple strategies have been successful in 
preventing and treating PJIs over the years, as 
shown by a relative low rate of infection. Infection 
comes at a cost, not only to the patient but the 
Institute and widespread health service. The 
successful management of PJI can be challenging, 
and requires an appreciation of the surgical and 
microbiological complexities, in light of 
increasing resistant infecting pathogens. 

 We have discussed several novel and emerging 
strategies that have shown promising results, but 
the majority of these therapies are still in 
preclinical development at a theoretical, in-vitro 
or animal testing stage. Others are based on 
historic ideas but have been adapted to PJI, or 
have not been explored in this fi eld, such as NGS, 
but may have a very important role in future 
management. 

 However, several barriers exist that may 
prevent many of these strategies becoming 
available to be used in the clinical practice for the 
treatment of PJI. The treatment aims and goals 
pursued by academics and scientists may not be 

the same as those administering or receiving 
them. Strategies must be clinically safe, meet 
regulatory requirements, and be felt to be 
profi table by the industry to become established. 

 Regarding the treatment of infections, the 
variable, rare and unpredictable nature of PJI 
means it would be very diffi cult to demonstrate a 
signifi cant improvement as a result of a specifi c 
strategy. Multiple factors play a role for the 
infection to become established and present 
itself, that success in eradicating the infection can 
rarely be associated to a single intervention, but a 
combination. 

 One fundamental future consideration must be 
the emphasis on education. The education of 
patients is especially important, as they must be 
made aware of their individual risk of infection. 
Patients with known modifi able risk factors 
should be advised to change their lifestyle to help 
reduce this risk, such as reducing their weight and 
improving their nutrition, or stop smoking. The 
surgical team must understand their role to help 
prevent infection, by being continual vigilant 
upon the wards and in theatre to prevent contami-
nation. If the magnitude of PJI gains political and 
media interest, and is brought into the limelight, 
greater funding may become available to help 
these strategies and others become a reality.     
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