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Abstract 

We have retrieved 33 prostheses or prosthetic components 
from patients requiring revision surgery due to presumed 
aseptic loosening. The components involved were transported 
in sterile bags to the laboratory for an extensive microbiological 
culturing of the prosthetic surfaces (aerobic and anaerobic 
culturing of scrapings for 7 days). Simultaneously, tissue 
samples were excised for extensive culturing. In only one of the 
33 cases, micro-organisms were detected by routine culturing 
of tissue, while extensive culturing demonstrated infectious 
organisms in tissue samples from 14 cases. In addition, 
extensive culturing of the biomaterials scrapings identified 6 
other cases of positive cultures, totalling the percentage of 
infected cases by extensive culturing to 60% (20 out of 33 
patients). These results demonstrate that biomaterial-
associated infections may well remain undetected by standard 
clinical and microbiological hospital procedures.  
 

Introduction 

The number of patients requiring an artificial joint has grown 
rapidly to more than 1.3 million people in the United States 
(Praemer et al. 1992). Approximately 20% of all joint 
replacements fail (Christel and Djian 1994), yielding prosthesis 
removal and revision with concomitant patient trauma and 
increased medical costs (Dreghorn and Hamblen 1989). Aseptic 
loosening is the most common cause of prosthetic joint failure 
reported (Malchau et al. 2004). Standard orthopaedic practice 
is to exchange aseptically loosened joint prosthetic components 
in a one-stage procedure. Unfortunately, after revision, the rate 
of infection is higher than after primary procedures, probably 
due to presence of unrecognised infection at the revision 
(Dupont 1986). As shown by different studies, biomaterial- 
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associated infections differ from other infections because of the 
presence of a biofilm (Gristina 1987, Gristina et al. 1988, Neut 
et al. 2003). Up to a year after microbial contamination of an 
implant by biofilm organisms, clinical signs of deep implant 
infections are being reported to appear (Maniloff et al. 1987). 
This long interval between first contamination and the onset of 
symptoms, may have a variety of different reasons, of which 
low-virulence organisms introduced during insertion of the 
prosthesis constitute one. In this respect, also aseptic loosening 
of prostheses might be due to adhesion of low-virulent 
organisms, such as from the skin and dental microbiota. Likely, 
a considerable part of these infections is never recognized 
(Tunney et al. 1998 and 1999, Nelson et al. 2005), yielding the 
diagnosis “aseptic” loosening (Phillips and Kattapuram 1983). 
Neut et al. (2003) showed recently that the detection rate of 
infectious organisms in septic-loosening can be improved by 
extensive culturing of scrapings from the implant surfaces 
(briefly described as a biomaterial based extensive culturing 
procedure). 
The aim of the current study was to investigate whether this 
extended biomaterial-based culturing procedure, when applied 
in situations with the presumed diagnosis “aseptic loosening”, 
could justify a change in attitude and culturing protocols in 
revision situations where doubt arises on the aseptic cause of 
the loosening. 
 

Patients and Methods 

Patient group and clinical procedure 

33 prostheses or prosthetic components after presumed aseptic 
loosening were retrieved from patients during revision surgery 
in the period June 1999 to May 2001. This study was approved  
by  the  Institutional  Review  Board  for  human experiments.  
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Table 1. Bacterial strains isolated from the prosthetic components during 
aseptic revision. 

Micro-organism Number of times cultured 

Coagulase-negative staphylococci (CNS) 14 

Gram-positive rods 2 

Gram-negative rods 3 

Staphylococcus aureus 4 

Other Gram-positive cocci 11 

Total 34 

 

Patients included 27 women and 6 men with a mean age of 68 
years (27 to 93) and a mean interval from previous joint 
placement to revision surgery of 11.3 years (1.3 to 17.5 years). 
In the study population, the revised components were 12 Total 
Hip Arthoplasties (THA), 3 femoral components of a THA, 9 
acetabular components of a THA, 6 Total Knee Arthroplasties 
(TKA), 2 tibial components of a TKA and one Unilateral Knee 
Arthroplasty (UKA). In 5 cases, patients already had prior 
revision surgery. All patients had radiological and clinical signs 
of loosening of their joint prosthesis. The mean pre-operative 
value of ESR was 15 mm/h and the mean pre-operative CRP 
level was 7 mg/l.  
Standard preoperative care consisted of painting the skin with 
Betadine and antibiotic prophylaxis of 1500 mg Cefuroxim EB 
(Eurobase B.V., Barneveld, The Netherlands) given 
intravenously at the time of the induction of anaesthesia. All 
operations were carried out under vertical laminar flow and the 
operating team wore disposable impervious drapes. The 
implants were removed and placed aseptically in a sterile bag, 
filled with Reduced Transport Fluid (RTF) (NaCl 0.9 g/l, 
(NH4)2SO4 0.9 g/l, KH2PO4 0.45 g/l, MgSO4 0.19 g/l, K2HPO4 
0.45 g/l, Na2EDTA 0.37 g/l, L-Cysteine.HCl 0.2 g/l, pH 6.8). 
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Tissue in contact with the implants was excised and swabbed. 
This material was divided for use in the routine hospital 
culturing and the extended culturing procedure. 
Routine hospital culturing consists of culturing material in 
thioglycolaat medium for 3 days and on blood agar (BA) for 2 
days both at 35°C in an aerobic incubator. Cultures on 
anaerobic blood agar (ABA) plates were grown for 4 days at 
35°C in an anaerobic incubator. Implants and excised material 
was transported to the Department of Biomedical Engineering 
for extensive culturing within 2 to 24 h after removal. After 
transport, prosthetic surfaces were scraped with a sterile knife 
to dislodge biofilm bacteria. Scrapings and excised tissue were 
cultured on enriched BA plates (BA +0.5% hemin and 0.1% 
menadion), incubated at 37°C both aerobically and 
anaerobically for 7 days.  
 

Microbiological determination 

All organisms isolated were Gram stained. Rods were 
microscopically identified as Gram-positive or negative. Gram-
positive cocci were subjected to a catalase (hydrogen peroxide 
solution 3%) and deoxyribonuclease test (Dnase agar, Oxoid, 
Basingstoke, Great Britain). Strains were identified as 
Coagulase Negative Staphylococci (CNS) from a positive 
catalase and negative DNase-test. When both the catalase and 
the deoxyribonuclease tests were positive, isolates were 
identified as Staphylococcus aureus.  
  

Results 

Clinical microbiological culturing of the tissue samples showed 
only a positive culture in one patient (3%). Extensive culturing 
of tissue samples showed bacterial growth in 14 patients 
(42%), whereas extensive culturing of biomaterial scrapings 
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indicated bacterial growth on prosthetic components retrieved 
from 12 out of 33 patients (36%). In 6 of these patients 
bacterial growth was already demonstrated from tissue 
cultures, and consequently, 6 additional, infected patients 
(18%) were identified from cultures of implant surface 
scrapings. This totals the percentage of infected cases in 
suspected aseptic loosening by extensive culturing to 60% (20 
out of 33 patients). 
An overview of micro-organisms cultured is given in Table 1.  
CNS is the most frequently encountered micro-organism, being 
cultured in 14 out of 34 positive samples. However, also other 
Gram-positive cocci were frequently found in 11 samples.  
S. aureus was only found in 4 cases. 
From 10 components only 1 microbial strain was cultured. From 
7 components 2 different contaminating species were found, 
while from 4 components 3 different species were cultured. 
 

Discussion 

In the current study, joint replacement components removed 
because of aseptic loosening were examined for the presence of 
infectious bacteria. Clinical microbiological culturing of excised 
tissue showed only 1 positive culture in 33 patients (3%). 
Extensive culturing tissue samples yielded 42% positive 
cultures and extensive culturing of biomaterials scrapings 
added another 18% totalling to 60%, with CNS being the 
predominant causative organism. 
In the workup for revision surgery, extensive effort is made in 
distinguishing between septic or aseptic loosening, because the 
consequences for subsequent therapy are different. However, 
differentiation between septically or aseptically loosened joint 
prostheses is often difficult. One problem in this differentiation 
is that up to 1 year after microbial seeding, clinical signs of 
deep implant infections are being reported to appear (Maniloff 
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et al. 1987) and in this respect, also septic loosening (Neut et 
al. 2003) might be due to adhesion of low-virulence organisms. 
It seems likely therefore that a considerable part of these 
infections is never recognized (Nelson et al. 2005). 
This puts any one stage aseptic revision at risk. During revision 
surgery, a choice has to be made between lengthening the 
procedure to extract hard to reach debris or shortening the 
procedure to leave these presumed “aseptic” parts in situ. This 
study shows that the extra effort for removing “aseptic” debris 
could be worthwhile in preventing the ongoing process of 
infection in 60% of the cases. If during the revision surgery, 
however, doubt arises concerning the aseptic character of the 
loosening, the surgeon should always change from the one 
stage to a two stage setup. Material removed should then be 
cultured according a biomaterial based extensive culturing 
protocol as this yields more identification of infecting organisms 
than routine hospital culturing of tissue. Atkins and Bowler 
(1998) found that by extending the culturing time to 7 days, 
the detection rate of infectious bacteria in excised tissue 
samples could be increased to 64%. 
Several methods, varying from immunofluoresence microscopy, 
PCR amplification and ultrasonication (Tunney et al. 1988 and 
1999), have been used to improve the detection rates in 
orthopaedic implant loosening. Although being highly sensitive, 
these methods are difficult to introduce to standard clinical 
practice because of their complexity and high financial burden. 
Moreover, good adequate microbiological culturing should in 
principle be sufficient (Ince et al. 2004). 
One important remark has to be made though, about the per-
operative circumstances under which these cultures are taken. 
Recent research in our hospital showed that in primary THA the 
per-operative circumstances resulted in a 30% contamination 
of the direct site of the prosthesis (Maathuis et al. 2005). In a 
subsequent study from the same institution a comparable 
contamination percentage was found (Knobben et al. 2006). 
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Per-operative contamination may therefore not a priori be ruled 
out in revision surgery either and a true aseptically loosened 
prosthesis may become contaminated during removal with an 
impact on the present results. 
We improved our detection rate from 3 to 60% by scraping the 
surface of the implant and culturing tissue from the peri-
prosthetic area for a longer period. In normal clinical practice, 
the standard hospital cultures would have confirmed our 
diagnosis of aseptic failure of the biomaterial and no further 
supplemental treatment would have been proposed. The 
method presented in this chapter is easy to use in every 
hospital situation where prosthetic revision procedures are 
being performed and does not add extra costs to the budget of 
the hospital involved. On the basis of the current results, 
hospital diagnoses in orthopaedic revision surgery should be 
made by analysis of scrapings of the biomaterial surface of 
prostheses, which will increase the detection rate of intra-
operatively suspected prosthetic joint infections. Any organisms 
colonizing the primary prosthesis, but not identified and 
eradicated, will likely infect a new implant and put the revision 
surgery at risk of failure. Follow up of this study population will 
be needed to detect the clinical relevance of these findings. 
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