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Abstract 
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2,4
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 3,4
 

1
Faculty of Medicine University of Iceland, 

2 
Department of Orthopedics, Skåne University 

hospital, 
3
Department of Infectious Diseases, Skåne Univeristy Hospital, 

4 
Lund University. 

 

Introduction : Total knee arthroplasty (TKA) is a common procedure with increasing 

demand. One of the most serious complications is infection. Open debridement and exchange 

of the tibial insert, followed by antibiotics, is a treatment option in early infections but the 

results presented vary. The aim of this study was to examine the success rate of open 

debridement and exchange of tibial insert after infected knee arthroplasty and to identify 

prognostic factors for outcome. 

Materials and methods : The study included 151 infected knees in 150 patients that 

underwent a primary TKA in Sweden during the years 2000 - 2008 and open debridement and 

exchange of tibial insert because of an infection. To evaluate the results information from 

medical records and culture reports was retrospectively collected. The outcome variables were 

re-revision because of infection, and failure to eradicate infection, which was defined as death 

within 60 days, re-revision due to infection, clinical signs of infection in the knee at latest 

follow-up, or persistent antibiotic treatment. 

Results : 27 (17.9%) of the cases were further revised due to infection. 37 (24.5%) cases were 

classified as failure. Patients operated with a revision type of implant had higher risk of 

failure (p = 0.007). In early infections (within 3 months) there was a tendency towards higher 

risk of failure in cases were the time from primary operation until debridement was > 4 weeks 

(p = 0.083). Bacteriology did not affect the results whereas staphylococcal infections treated 

without rifampicin had a higher failure rate than those treated with a combination including 

rifampicin, with a failure rate of 50% and 17.6%, respectively. 

Conclusions : Infection after a primary knee arthroplasty can be successfully treated by open 

debridement and exchange of tibial insert at least up to 4 weeks after primary operation. In 

staphylococcal infections rifampcin should be included in the antibiotic protocol. 
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Ágrip 

Sýking eftir gerviliðaaðgerð á hné meðhöndluð með opinni hreinsun og skipti á 

plasthluta 

Valdís Guðrún Þórhallsdóttir
1
,
 
Anna Stefánsdóttir

2,4
, Anna Holmberg

 3,4
 

1
Læknadeild Háskóla Íslands, 

2 
Bæklunarskurðdeild, Háskólasjúkrahúsið á Skáni, 

3
Sýkingardeild, Háskólasjúkrahúsið á Skáni, 

4 
Háskólinn í Lundi. 

 

Tilgangur : Gerviliðaaðgerð á hné er algeng aðgerð og ekkert lát er á eftirspurn. Einn 

alvarlegasti fylgikvilli slíkra aðgerða er sýking. Opin hreinsun og skipti á plasthluta auk 

sýklalyfjagjafar í kjölfar aðgerðar er meðferðarmöguleiki við snemmkomnum sýkingum, en 

fyrri rannsóknir hafa sýnt að árangur þessarar meðferðar er mjög breytilegur. Tilgangur 

þessarar rannsóknar er að kanna árangur opinnar hreinsunar og skipti á plasthluta í kjölfar 

sýkingar og þar að auki að finna þætti sem gætu haft áhrif á árangur aðgerðar. 

Efniviður og aðferðir : Rannsóknin innihélt 150 sjúklinga sem gengust undir sína fyrstu 

gerviliðaaðgerð á hné í Svíþjóð árin 2000 – 2008 og í framhaldinu opna hreinsun og skipti á 

plasthluta í kjölfar sýkingar. Til að meta árangur sjúklinganna var læknaskýrslum og 

bakteríuræktunum safnað saman og upplýsingar fengnar úr þeim. Endapunktar voru önnur 

enduraðgerð vegna sýkingar, og ef ekki tókst að uppræta sýkingu, sem var skilgreint sem 

dauði innan 60 daga, önnur enduraðgerð vegna sýkingar, klínísk merki um sýkingu í hné við 

seinustu endurkomu, eða stöðug sýklalyfjagjöf. 

Niðurstöður : 27 (17,9%) tilfelli fóru í aðra enduraðgerð vegna sýkingar. Í 37 (24.5%) 

tilfellum tókst ekki að uppræta sýkingu. Sjúklingar sem fengu gervilið notaðan við 

enduraðgerð (e. revision type of implant) áttu í meiri hættu á að ekki tækist að uppræta 

sýkingu. Í snemmkomnum sýkingum (innan 3 mánaða) var sterk hneigð til að ekki tækist að 

uppræta sýkingu ef meiri en 4 vikur liðu frá fyrstu aðgerð til opinnar hreinsunar og skiptum á 

plasthluta. Bakteríufræði hafði ekki áhrif á niðurstöður en staphylococcal sýkingar 

meðhöndlaðar án rifampicin voru líklegri til að verða ekki upprættar miðað við 

staphylococcal sýkingar sem voru meðhöndlaðar með rifampicin, 50% miðað við 17.6%. 

Ályktanir : Sýking eftir fyrstu gerviliðaaðgerð á hné getur verið meðhöndluð með opinni 

hreinsun og skipti á plasthluta allt að 4 vikum eftir fyrstu aðgerð með góðum árangri. Í 

staphylococcal sýkingum ætti sýklalyfjagjöf að innihalda rifampicin. 



  

5 

Definitions and abbreviations 

 

CI  -  Confidence interval 

CoNS  -   Coagulase-negative staphylococci 

CRP -  C-reactive protein 

OA  -  Osteoarthritis 

PJI  -  Prosthetic joint infection 

RA  -  Rheumatoid arthritis 

S. aureus  -  Staphylococcus aureus 

SKAR  -  Swedish Knee Arthroplasty Register 

SSI   -  Surgical site infection 

TKA  -  Total knee arthroplasty 
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1 Introduction 

1.1 Knee arthroplasty 

Knee arthroplasty is an operation where diseased or damaged surfaces of the knee joint are 

replaced with biocompatible material to form an artificial joint. In total knee arthroplasty the 

damaged joint surfaces are replaced by a metal component on the distal part of the femur and 

on the tibia side it is most common to use a metallic tray with an insert made of polyethylene. 

Today almost all tibial components are modular, making it possible to change the 

polyethylene insert. The first knee arthroplasty was performed in the 1950s and since then the 

number of knee arthroplasties performed has increased steadily [1]. 

Osteoarhtritis (OA) is today the most common diagnosis among those having a 

primary knee arthroplasty and the main indication for surgery is pain, which intially is 

experienced during walking but later also at rest. The walking abilitiy is usually affected [1]. 

1.1.1 Increasing demand 

In the United States alone approximately 130.000 knee replacements are performed every 

year. The demand for knee arthroplasty has been estimated to grow by roughly 600%, or to 

3.48 million procedures in the United States by the year 2030 [2]. Similar predictions have 

been made in other Western countries [3, 4]. 

In 2000 the Swedish knee arthroplasty register (SKAR) was used to estimate how 

many primary knee arthroplasties would be done in Sweden year 2030.  By the year 2002 this 

number had been outranked. In 2006 10,690 pimary knee arthroplasties were registered and in 

2010 the number had went up to 12,866 [4]. 

1.1.2 Prevalence 

The incidence for knee arthroplasty is higher among women because of higher prevalence of 

severe knee arthritis in women than in men [4, 5]. In 2010 10% of all elderly women (80-85 

years) and 7% of all elderly men (80-85 years) had at least one knee arthroplasty [4]. 

1.1.3 Success rate 

The outcome after knee arthroplasty is generally good. The 10 year risk of revision after 

primary TKA in patients with OA in Sweden is 4% [4] and in Australia 6% [3]. 

Aseptic loosening is the most common reason for revision and accounts for more than 

30% of all revisions. Infections, are the second most common reason for revision accounting 

for 20% of all primary knee revisions. The other main causes for revision are instability, pain 
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after surgery and stiffness [4]. The reason for revision varies with time. During the first 2 

years after operation infection is the most common reason while aseptic loosening is the most 

common reason for later revision [6]. 

1.2 Deep infection 

In 1992 Horan and co-workers published a classification of surgical site infections (SSI). 

According to their classification deep incisional SSIs must occur within 1 year of implant, be 

related to the operative procedure, involve deep soft tissues, and furthermore have one of the 

following present. 1) purulent drainage, 2) wound rupture with fever, localized pain or 

tenderness, and positive culture, 3) an abscess found on examination, or 4) diagnosis of a deep 

incisional SSI by a clinician [7].  

Periprosthetic joint infection (PJI) is a deep SSI after an arthroplasty. The risk for a PJI is 

estimated to be 1,5 - 2,5% after knee arthroplasty [8]. Although the risk for PJI is low it is a 

serious complication [9] and the most common reason for revision during the first 2 years 

after operation [2]. With the increasing number of operations performed the total number of 

patients with infected knee arthroplasty will further increase in the future. 

1.2.1 Risk factors for infection 

Many risk factors have been found for infection, both patient-related and surgery-related. 

Male gender, diabetes mellitus, obesity, posttraumatic arthritis, rheumatoid arthritis and 

fracture around the knee are patient-related factors that have been reported [10, 11]. Surgical-

related factors include lack of antibiotic-containing cement, lack of antimicrobial prophylaxis 

and wound complication [11]. 

1.3 Classification 

Zimmerli and his co-workers classify infected arthroplasties into three types depending on the 

time from operation to the appearance of the first signs of infection. First, early infections 

appear within 3 months after operation and are most often caused by intraoperative 

contamination, contaminated haematoma or complications in wound healing. Secondly, 

delayed infections appear between 3 months and 2 years after operation. Most often these 

infections are low-grade infections caused by low virulence microorganisms. Thirdly, late 

infections appear 2 years or more after the operation. Late infections appear in one of two 

ways, either with an abrupt systemic inflammatory response syndrome (acute haematogenous 

infection) or without initial signs of sepsis with a delayed course after a unrecogniced 

bacteremia [12]. 
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1.4 Pathogenesis 

Biofilm formation is an important part of the pathogenesis of infected knee arthroplasty. 

Development of a biofilm starts when bacteria attach to the implant surface which is already 

covered with proteins from the host. The bacteria can bind to these host proteins by specific 

surface proteins. After the bacteria have attached to the implant surface they proliferate, 

accumulate to form microcolonies and produce a polymer matrix that consists of 

polysaccharides, proteins and DNA [13]. The polymer matrix both restricts distribution of 

antibiotics into the biofilm and keeps the host’s immune cells away [14]. Furthermore, 

bacteria within biofilms can manage in nutrient deprivation, withstand oxygen radicals and 

pH changes [15]. 

To be able to form a biofilm bacteria must enter the joint. There are several ways for the 

bacteria to access the joint. They can contaminate the joint at the time of surgery both from 

the patient’s skin and from the environment. Another route of entry for the bacteria is from an 

adjacent infection for example from a late abscess around the knee. The third option is that the 

bacteria spread haematogenously from a distant focus. Haematogenous infection can occur at 

any time after operation. Finally bacteria can enter the joint as an iatrogenic infection for an 

example in conjuction with athroscopy or surgical invention of the joint [16]. 

1.5 Diagnosis 

In 2011 the Musculoskeletal Infection Society (MSIS) gathered a group of 21 members to 

define a standard definition for PJI. The group agreed on that a definite diagnosis of PJI could 

be made when the following conditions are present: sinus tract, positive culture from two 

separate tissue or fluid samples obtained from the affected joint or 4 of the following 6 criteria 

exist: elevated ESR or CRP, elevated synovial white blood cell count, elevated synovial 

neutrophil percentage, presence of purulence in the affected joint, isolation of a 

microorganism in one culture, or more than fivce neutrophils per high-power field in five 

high-power fields observed from histological analysis [17]. 

It can be difficult to diagnose PJI because of the variation in presentation. The diagnosis 

is made by holisistic analysis of clinical picture, serological tests, synovial fluid examination, 

radiographs, intra-operative cultures, and histology [18]. 
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1.6 Infecting pathogens 

The infecting pathogens are most often gram-positive bacteria, Staphylococcus aureus (S. 

aureus) and coagulase-negatice staphylococci (CoNS) being the most common ones [19]. 

Early infections are frequently caused by S. aureus or other virulent microogranisms 

meanwhile CoNS and other less virulent microorganisms usually cause delayed infections 

[20]. However in a large material from Sweden CoNS was the most common pathogen even 

in early infection [21]. 

1.7 Treatment modalities 

The goal of treatment for PJI is to eradicate the infection and provide the patient with a 

functional and pain-free joint [20]. This can be achieved by : 1) debridement with retention of 

the implant, 2) one-stage revision arthroplasty, and 3) two-stage revision. The alternatives, 

suppressive antimicrobial therapy, arthrodesis, extraction of the prosthesis and amputation do 

not fulfill these requirements [22]. Zimmerli and co-workers have developed an algorithm that 

can be used to help choosing the appropriate treatment [20]. 

1.7.1 Debridement with retained prosthetic component 

Debridement involves removal of all debris and inflamed synovial membranes and lavage of 

the joint. It is a procedure performed on patients with either early infections or acute 

haematogenous infections. Debridement is an appealing option for both patients and surgeons 

as it as a smaller and less invasive procedure than revision arthroplasty and has smaller risks 

for surgical morbidity [23]. Earlier studies have shown varying results with respect to 

eradication of infection with reported success rate from 18% to 94% (table 1). There is a large 

variation in patient characteristics, available information on the details of treatment and the 

length of follow-up. Information on antibiotic treatment is often missing in articles about 

infected arthroplasty. 
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Table 1. Review of earlier reports on open debridement. NA = not available information.  

 

1.7.1.1 Arthroscopic debridement 

Arthroscopic debridement has a potential of decreasing surgical morbidity as it is a less 

invasive procedure than open debridment. Few studies have been published on the subject and 

most of them show rather poor results or success rates from 38-53% [24, 25]. In 2000 Ilahi 

and co-workers published their results from a study on arthroscopic debridement with a 

highly selected cases with a 100% success rate [26]. 

1.7.1.2 Open debridement 

The main advantage of an open debridement is that the whole joint can be accessed, including 

the posterior parts of the joint. This is enchanced by the exchange of tibial insert. 

Many researchers consider the time from presentation/diagnosis of infection until 

debridement to be the most important factor determining the success rate [27-30]. The 

probability of eradicating the infection being related to the time the biofilm has to mature and 

grow. Some studies have recommended a duration of infection of less than 4 weeks as a time 

limit [29] whereas other studies limit the time to 2 weeks [27]. One study even reported that 

debridement more than 2 days after the presentation of symptoms might have higher risk of 

failure than debridement within 2 days of onset of symptoms [28]. 

Another factor that has been found to predict failure is the type of bacteria. 

Deirmengian and co-workers found that patients infected with S. aureus had extremely poor 
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results compared to patients infected with other gram-positive bacteria that had much better 

results. 7,7% of patients with S. aureus infection had a successful outcome whereas 55,6% of 

patient with other gram-positive infection had a successful result [31].  

Some patient related factors have been found to predict success rate. Azzam and co-

workers found that young and healthy patients and patients with no radiographic signs of 

osteitis or loosening of components had higher success rate than other patients [23].  Young 

age has also been shown to be associated with higher success rate in other studies [32, 33]. 

On the other hand immunocomprimised patients such as patients with rheumatoid 

arthritis or diabetes mellitus have been shown to have higher failure rate [23, 34]. 

1.7.2 Revision arthroplasty in one or two stages 

Two-stage revision arthroplasty has been the gold standard in the treatment of infected knee 

arthroplasty for over twenty years [35]. In two stage revision there are two operations. In the 

first operation the infected prosthesis is extracted and the joint debrided of infected tissue,  

and in the second operation a new prosthesis is put in. Today articulating spacers with 

antibiotic-loaded bone cement are used in most two-stage procedures during the interval 

between stage 1 and stage 2 [36].  

Revision arthroplasty can also be performed in one stage. In one stage revision 

arthroplasty the infected prosthesis is extracted and a new one is put in, all in the same 

operation. Jämsen and co-workers compared one and two staged revisons using a systematic 

review and published their results in 2009. They found that the success in eradication of 

infection was 73-100% for one stage revision and 82-100% for two stage revision [37].  

1.7.3 Arthrodesis / amputation 

Arthrodesis is a surgical procedure which fuses the bones that form a joint. This eliminates 

the joint and induces ossification between the two bones. Arthrodesis is sometimes used in 

cases with highly resistant organisms or as a salvage after failed treatments [18]. Infection 

eradication rate after arthrodesis operations have been reported to be more than 90% [38]. 

Amputation is nowadays rarely indicated. In life threatening situations such as 

systemic sepsis or chronic local infection with bone loss, amputation can be the only way to 

eradicate infection [35]. 
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1.8 Antibiotic treatment 

Collaboration between orthopaedic surgeons and infectious disease specialists is important to 

get good results. The right antibiotic, in correct doses, has to be chosen depending on the 

results of cultures and sensitivity tests, and a good knowledge on possible side effects and 

interactions with other medication is mandatory. 

Cloxacillin is an antibiotic that breaks down the cell wall of dividing bacteria and is 

commonly used against sensitive bacteria. However cloxacillin is not a good option when 

bacteria have developed a biofilm because bacterias in biofilms do not divide often [13]. 

Rifampicin influences the proteinsynthesis in the bacteria. In 1998 Zimmerli and co-

workers presented the results of a randomized controlled trial on the role of rifampicin in the 

treatment of orthopaedic implant-related staphylococcal infections. The results showed that 

patients treated with ciprofloxacin-rifampicin combination had better success rate than 

patients treated with ciprofloxacin-placebo combination. The success rate was 100% 

compared to 58%, respectively [39]. 

Traditionally infected knee arthroplasties are treated with antibiotics for 6 months while 

infected hip arthroplasties are treated for 3 months [20]. However there is neither in-vitro 

evidence or clinical evidence that supports longer treatment for infected knee arthroplasties 

[40] and in a recent study it was showed that 3 months of antibiotic treatment was as good as 

6 months treatment for infected knee arthroplasty [41]. 

The Swedish association of infection disease specialists published in 2004 guidelines for 

treatment of PJI´s and a revised version from 2008 is available at www.infektion.net. In 

staphylococcal infections it is recommended that treatment is started with cloxacillin or 

vancomycin, depending on resistance pattern, and continued with a combination of rifampicin 

and ciprofloxacin, clindamycin or fucidic acid. 

1.9 The Swedish Knee Arthroplasty Register (SKAR) 

SKAR was established in 1975. All orthopaedic departments that perform knee arthroplasty in 

Sweden report to the register, both primary operations and revisions. The database consists of 

a large and unselected material and provides excellent opportunity to study low-frequent 

complication. The primary outcome variable reported by SKAR is revision arthroplasty, 

which is defined as a new operation in a previously resurfaced knee during which one or more 

of the components are exchanged, removed or added (inclusive arthrodesis or amputation). 

Every year SKAR publishes an annual report that is available at www.knee.se [4]. 

 

http://www.infektion.net/
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2 Goals 

The aim of the study was to examine the failure rate of open debridement with exchange of 

tibial insert in the treatment of infected knee arthroplasty. Further, the aim was to identify 

factors prognostic for the outcome. Increased knowledge on which patients are likely to be 

healed and which are not, would be helpful when selecting the most appropriate treatment in 

every  individual case.  
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3 Materials and methods 

In January 2012 the database of the SKAR was searched for primary total knee arthroplasties 

performed during the years 2000 – 2008 that had been reported to have a first time revision 

due to infection with an exchange of the tibial insert. Information was found on 157 

operations. Requests were sent to the orthopedic and microbiological departments for hospital 

records and culture reports and the information analyzed together with available information 

in the SKAR. After reviewing the records 6 cases (3,8%) were excluded. In 3 cases the wound 

ruptured after a fall early after primary operation and this was treated with debridement but 

the cultures were negative and antibiotic treatment was discontinued. In 2 cases the joint 

became infected after reoperation and in 1 case all biopsies were negative and infection 

diagnosis abandoned (Figure 1). 

 

Figure 1. An overview of cases excluded from the study. 
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3.1 Diagnosis at primary operation 

Included in the study were 151 infected knee arthroplasties in 150 patients, whereof 84 (56%) 

were males. A 62 years old male patient with OA that was simultaneously bilaterally operated 

had both knees infected and each knee is in the study considered as a separate case. The mean 

age at primary operation was 69.9 (44.5 - 90.7) years. The diagnosis at primary operation was 

osteoarthritis (OA) in 135 cases (89.4%), rheumatoid arthritis (RA) in 9 cases (6.0%) and 7 

cases (4.6%) had other diagnosis (osteoarthritis secondary to fracture (4), hemophilia (1), 

osteonecrosis (1), and sequele to septic arthritis (1)). A modified Charnley classification [42]  

was used and 75 (49.7%) were in class A (monoarticular knee disease), 61 (40.4%) in group B 

(monoarticular knee arthroplasty with contralateral knee osteoarthritis or bilateral knee 

arthroplasty), and 15 (9.9%) in class C (systemic medical condition or remote osteoarthritis 

that impaired locomotory ability). 

The primary operations were performed at 45 orthopedic departments in Sweden. In 

142 cases (94.0%) a standard model of total knee prosthesis was used and in 9 cases (6.0%) a 

revision model. The fixation of the primary prosthesis was in 145 cases (96.0%) with cement 

and all bone-cement used contained gentamicin.  

3.2 Wound disturbances 

In 113 (74.8%) cases some kind of wound disturbance was noted after the primary operation. 

Wound drainage was most common (86 cases), followed by superficial wound infection 

confirmed by culture (9 cases), wound rupture (5), inflammation (5), bleeding (4), and skin 

necrosis (3). In 1 case no information was available on wound healing.   

3.3 Classification of infection 

The infections were classified according to the time from primary arthroplasty until 

appearance of infection. 134 cases (88.7%) were early infections (within 3 months) and the 

median time from primary operation until appearance of infection was 14 (0 – 135) days 

(mean 20 (95% CI 16 -23)). 12 cases (7.9%) were delayed infections (between 3 months and 

2 years) and the median time from primary operation until appearance of infection was 5.3 

(0.3 – 11.0) months (mean 5.6 (95% CI 3.4 – 7.7)). In 5 cases the infection was considered to 

be of haematogenous origin and the median time from primary operation until appearance of 

infection was 206 (64 – 338) days after primary operation (mean 98 (95% CI 74 – 323)). 
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3.4 Diagnosis of infection 

The diagnosis of infection was made by the treating surgeon and not always according to 

standardized criteria. In early infections the median time from primary operation until 

diagnosis was 19.5 (2 – 150) days (mean 26 (95% CI 22 – 30)) and in the delayed infections 

6.1 (3.2 – 11.0) months (mean 6.6 (95% CI 4.9 – 8.3)). 

The diagnosis was confirmed by a positive tissue culture in 84 (55.6%) cases, by positive 

culture of joint fluid in 31 (20.5%), positive wound culture in 17 (11.3%), and the finding of 

bacterial DNA with PCR technique in 1 (0.7%) of the cases. In 15 cases (9.9%) the diagnosis 

could not be confirmed by cultures but the clinical picture was definitive. In 1 case 

information was missing. In the 15 cases that biopsies were negative 6 (40%) patients had 

received antibiotic before cultures. 

3.5 Index revision 

The open debridement and exchange of tibial insert was defined as index revision and these 

were performed at 36 orthopedic departments in Sweden. The median time from primary 

operation until index revision was 22 (2 -167) days in early infections (mean 31 (95% CI 26 – 

35)), and 6.2 (3.6 – 11.8) months in delayed infections (mean 6.8 (95% CI 5.1 – 8.6)). In the 

haematogenic infections the median time from appearance of infection until debridement was 

5 (3 – 22) days (mean 8 (95% CI -2 – 18)). 

3.6 Antibiotics 

In the case of infection caused by staphylococci it was noted if rifampicin was a part of the 

antimicrobial treatment or not. Other details regarding antibiotics were left out of the present 

study.  

3.7 Definition of failure 

The primary outcome variables were re-revision because of infection and failure to heal 

infection. Failure to heal infection was defined as death within 60 days, re-revision due to 

infection, clinical signs of infection in the knee at latest follow up, or persistent (life-long) 

antibiotic treatment even though infection was not confirmed.  

3.8 Follow up 

The mean follow-up time with respect to re-revision was 4.5 (2.1 – 9.9) years. The mean time 

from index revision until latest information on the knee was 1.9 years with a range from 0 

days to 9.9 years.  
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3.9 Permission for study 

The study was approved by local ethical committee. 

3.10 Data analysis and statistics 

Data was collected in Excel data files and analyzed using IBM SPSS Statistics 19. The 

material was stratified according to several factors and the failure rate evaluated in cross-

tables using the chi-squared test and odd ratio to compare proportions of failed cases. Fisher’s 

exact test was used in the case of low numbers. When evaluating continuous variables 

student’s t-test was used to compare means. P-value ≤ 0.05 was considered statistically 

significant. 
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4 Results 

4.1 Further revision due to infection 

 In 6 cases a second debridement with exchange of the tibial insert was performed. No further 

revisions were performed and these second debridements are in the context of the study not 

regarded as true re-revisions.  

After a follow-up of 2.1 – 9.9 (mean 4.5) years, 27 knees in 27 patients (17.9%) had 

been re-revised due to infection. 23 of the re-revisions were performed within 18 months from 

the debridement and of these 16 were performed within 3 months. There were 16 two-stage 

revisions, 1 one-stage revision, 5 arthrodeses, 4 above the knee amputations, and 1 extraction 

of the prosthesis. Of the patients that underwent further revision due to infection 22 (81.5%) 

were successfully revised, 3 (11.1%) were still infected and 2 (7.4%) were on life long 

suppressive antibiotic treatment. 

4.2 Mortality 

3 (2%) patients died within 60 days of index revision. Additionally 10 patients died within 2 

years. 

4.3 Failure to eradicate infection 

Failure was defined as death within 60 days, re-revision due to infection, persistent infection 

in the knee at latest follow-up, and persistent (life-long) antibiotic treatment even though 

persistent infection was not confirmed. The mean follow-up time from index revision until 

latest available information about the patient’s knee was 1.9 (95% CI 1.7 – 2.9) years with a 

range from 0 days till 9.9 years. Leaving out those that were re-revised and those that died 

within 2 years the mean follow-up time was 2.1 (95% CI 1.6 – 2.4) years with 70 cases 

having a follow-up time less than 2 years. 

In 37 cases (24.5%) the treatment failed to eradicate the infection (table 2). 2 (1.3%) 

patients were later revised due to aseptic loosening.  

4.4 Prognostic factors 

The rate of failure to eradicate infection was analyzed according to the categorical variables 

gender, primary diagnosis, Charnley class, type of implant, type of infection and infecting 

pathogen (table 2). Patients that received a revision type of implant at primary arthroplasty 

had higher risk of failure to eradicate infection than those operated with a standard prosthesis 

(p = 0.007, OR 0.140 (95% CI 0.033 – 0.591). Of the 9 patients having a revision model 4 had 
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primary diagnosis OA, 3 osteoarthritis secondary to fracture, and 2 rheumatoid arthritis. The 

failure rate in the few haematogenic infections was high (60%) but not statistically significant 

from the failure rate in early infections (p = 0.095). 

 

Table 2. All cases. Failure to eradicate infection according to several risk factors. 

1
 Chi-squared test 

2
 Fisher’s exact test - Compared to OA 

3
 Fisher’s exact test - Compared to early infection 

4  
Chi-squared test - Compared to class A 

5
 Fisher’s exact test - Compared to class A 

6 
 Chi-squared test – Compared to S. aureus 

7
 Fisher’s exact test – Compared to S. aureus 

8
 Fisher’s exact test 
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No statistically significant difference was found in the mean time from primary 

arthroplasty until index revision between those with failure to eradicate infection (47 (95% CI 

24 – 70) days) and the others (45 (95% CI 34 -56) days) (p = 0.832), the haematogenous 

infections being excluded.  

Furthermore, no statistically significant difference was found in the mean time from 

signs of infection until index revision between those with failure to eradicate infection (14 

(95% CI 5 – 23) days) and the others (13 (95% CI 0 – 227) days) (p = 0.913), the 

haematogenous being excluded. 

4.4.1 Early infections 

The primary indication for open debridement and exchange of the tibial insert is early 

infection and the same categorical variables were analyzed for the early infections (table 3).  

Patients with revision model had higher rate of failure to eradicate infection than patients with 

standard models. Patients within the diagnosis-group termed “other” had higher risk of 

failure, but these patients often had received a revision model.  

The data was dichotomized with respect to time from primary operation until the 

debridement. No statistically significant difference was found in failure rate between those 

treated within 3 week compared with those treated after more than 3 weeks (p = 0.263). Either 

was there significant difference between those treated within 4 weeks compared to those 

treated after more than 4 weeks, even though there was a trend towards statistically significant 

difference (p = 0.083). 
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Table 3. Early infections. Failure to eradicate infection according to several risk factors. 

1
 Chi-squared test  

2
 Fisher’s exact test - Compared to OA 

3 
Chi-squared test - Compared to S. aureus 

4
 Fisher’s exact test - Compared to S. aureus 

5
 Chi-squared test - Compared to class A 

6
 Fisher’s exact test - Compared to class A 

7
 Fisher’s exact test 
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4.5 Bacteriology 

Information on the infection pathogen were available in 144 (95.4%) cases. S. aureus was the 

most commonly causative pathogen (36.1%) (table 4). 

Table 4. The infecting pathogens.  

 

 

 

 

 

  

 

 

 

 

 

In 27 (18.8%) cases the infection was polymicrobial. Streptococci was the most 

common pathogen, present in 15 (55.6%) cases followed by CoNS in 14 (51.9%) cases and S. 

aureus in 12 (44.4%) cases. 

 

Table 5. Infecting pathogens in the 27 polymicrobial infections. 
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The type of infecting bacteria did not predict the results of treatment. 

4.5.1 Antimicrobial treatment of staphylococcal infections 

68 out of the 90 monomicrobial infections caused by staphylococci were treated with an 

antibiotic combination including rifampicin. In this group of patient the rate of failure to 

eradicate infection was 17.6% (12 failures), whereas the failure rate among those patients with 

staphylococcal infection treated without rifampicin was 50% (11 out of 22). The difference is 

statistically significant (p = 0.002, OR 0.214 (95% CI 0.076 – 0.608)). 
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5 Discussion 

The treatment of infected TKA is demanding. Two stage revision arthroplasty has been the 

gold standard for treating infected TKA with a reported success rate up to 97% [43]. Open 

debridement and exchange of tibial insert has been described as a treatment option in early 

infection but the reported results are varying. 

We studied the results of this treatment modality in a relatively large sample of cases 

treated throughout Sweden and found a failure rate of 17.9% with respect to re-revision and 

24.5% with respect to failure to heal the infection.  

5.1 Strengths 

The study includes relatively large number of cases (151), compared to earlier studies which 

have included from 17 up to 99 cases [44, 45]. It contains unselected material, from 

orthopedic units in a whole country and not only from units with special interest in PJI’s. It 

therefore reflects the everyday reality. The Swedish knee arthroplasty register has reliable 

information on re-revisions and at least 2 years of follow-up with respect of re-revision was 

available for all cases. 

5.2 Weaknesses 

The major drawback of this study is that a large proportion of patients lacked clinical follow-

up. As the study was an observational study, not a prospective study on the results of 

treatment, the follow-up tended to be short. Generally patients were followed until no clinical 

signs of infection. It is possible that some patients choose to go to another hospital due to 

persistent symptoms and if those were not re-revised information on these eventual failures is 

missing. 

Even though the material was larger than in previous reports there might be a problem with 

lack of power when analyzing possible risk factors. Furthermore, information was lacking on 

important factors, such as co-morbidity and smoking habits, that might have affected the 

outcome. 

The diagnostic criteria were not standardized and we had to rely on the clinical judgement 

of the treating surgeon.  
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5.3 Comparison with other studies 

When comparing the results of different studies caution is needed due to differences in study 

design, selection of patients, definition of failure and length of follow-up, just to mention 

some differences. 

Our study has a success rate of eradication of infection 75.5%. This result is good 

compared to other studies that have been published (table 1). For example in the latest study 

by Fehring and co-workers published in May 2012 54 of 86 patients (63%) failed [46].  

5.4 Risk factors 

When analyzing all cases the only factor predictive of failure was the use of a revision model 

at primary operation. Revision models are larger prosthesis with larger surfaces available for 

biofilm formations. Furhermore there is probably more extensive dissection of the soft tissues 

when inserting those types of implants. 

The failure rate in haematogenous infections was high (60%) but no conclusions can 

be drawn due to the low number of cases. There might also be a selection bias, with only the 

most difficult haematogenous infections being treated with debridement.  

When looking at the early infections higher failure rate was also found among patients 

with other diagnosis than OA and RA. These were mainly patients that had had fracture 

around the knee and often had a revision model. It is possible that the soft tissues of these 

patients are in worse condition, making them more vulnerable to failure. 

5.4.1 The time to debridement 

Many researchers consider that the time from presentation/diagnosis of infection until 

debridement to be the most important factor determining the success rate [27-30]. According 

to our results it is possible to heal infection by debridement and antibiotics even though up to 

4 weeks have passed from primary operation until debridement.  

5.4.2 Bacteriology and antibiotics 

We did not find higher failure rate in staphylococcal infections, as has been reported 

previously [23, 47]. Neither did we find infections caused by S. aureus to be more prone to 

failure than others, as has been reported [31, 48]. Our results on S. aureus are in line with 

what reported by Vilchez and co-workers [49]. In their study the patients received antibiotic 

treatment with levofloxacin and rifampicin. The importance of using rifampicin when treating 

staphylococcal infections was clearly shown in our study and confirms the results presented 

by Zimmerli and co-workers in 1998 that patients treated with ciprofloxacin-rifampicin 
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combination have better success rate than patients treated with ciprofloxacin-placebo 

combination [39]. In the studies from the US [23, 46, 48] information on which type of 

antibiotics were used not provided.  

5.5 Conclusions and clinical relevance 

Open debridement and exchange of the tibial insert can be recommended as a treatment of 

infected primary knee arthroplasty at least up to 4 weeks after primary operation, irrespective 

of which pathogen causes the infection. When treating staphylococcal infections it is 

mandatory to include rifampicin in the antimicrobial treatment. Patients having a revision 

model of prosthesis implanted at the primary operation have higher failure rate than those 

operated with a standard model and other treatment options might have to be considered in 

these cases.  
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