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Introduction  

 

Prosthetic loosening is a common complication in orthopaedic implant surgery. 

Loosening is based either on mechanical failure (aseptic loosening) or on an infectious process 

surrounding the prosthesis (septic loosening). The percentage of septic loosenings in primary 

arthroplasty is approximately 1.5% for hip and 2.5% for knee implants and is much lower than 

the percentage of aseptic loosening.1 The percentage however, of prosthetic joint infection after 

revision arthroplasty is 3.2% for hips and 5.6% for knees,1 and can be as high as 40% for failed 

hip arthroplasties with a positive intra-operative culture.2 

The exclusion of the diagnosis septic loosening is imperative in order to determine the 

proper management of patients in need of revision surgery, because both surgical management 

and outcome may differ depending on whether the arthroplasty loosening is infectious or 

mechanical in origin.3-5 A wrong diagnosis will lead to treatment failure, increased morbidity 

and added costs to the healthcare system. The estimated cost of treating an infected 

arthroplasty is over $50,000 per episode, whereas a simple replacement due to aseptic 

loosening costs about $20,000.6  

The incidence of prosthetic joint infection is grossly underestimated by current culture 

detection methods.5;7;8 No single test is able to show the presence of periprosthetic infection in 

every case.9 Low-grade infections in particular are difficult to distinguish from aseptic failure, 

often presenting only early loosening and persisting pain, or no clinical signs of infection at 

all.10 The detection of bacteria in the tissue or biomaterial scrapings can be limited due to a low 

inoculum, or the formation of small-colony variants of Staphylococcus aureus and 

Staphylococcus epidermidis. In addition, concurrent treatment with antimicrobial agents before 

microbiological sampling can prevent bacterial growth in the laboratory and hence also limit 

detection.11 It is therefore imperative, that current clinical practice with regard to the detection 

and subsequent treatment of prosthetic joint infection be reassessed. Moreover, similar as with 

intra-operative contamination during primary arthroplasties, false-positive (contamination 

during sampling or culturing process) or false-negative test results may occur with an impact 

on the treatment modality chosen.12-14  

 A recent study performed in our hospital on intra-operative culturing during revision 

surgery, revealed that the new routine hospital culturing method (used at that time) showed 

microbial growth in only 41% of the cases diagnosed as suspected septic loosening by the 

orthopaedic surgeon. A newly developed method of research laboratory culturing in which 
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both periprosthetic tissue and scrapings from the prosthesis surface itself are cultured both 

aerobically and anaerobically for a prolonged period of time, showed microbial growth in 64% 

(tissue culturing) to 86% (tissue and removed prosthesis) of the cultures.15 Other studies 

showed that the detection of prosthetic joint infection can be improved by ultrasonication of 

the prosthesis16 or PCR, detecting bacterial DNA in aseptically loosened total hip 

arthroplasties.17  

The aim of this study is to re-evaluate our detection method of extensive culturing of 

both excised tissue and scrapings from the removed prosthesis during revision surgery of hip 

and knee, initially clinically diagnosed either as septic or aseptic loosening. Subsequently, it is 

investigated what the positive and negative predictive values of different intra-operative 

culturing types are for developing deep periprosthetic infection after the revision of the 

prosthesis. In this re-evaluation, we attempt to account for the fact that intra-operative 

contamination may occur during revision of a truly aseptically loosened prosthesis by 

comparing patients revised in an operating room with conventional airflow and with laminar 

airflow. 

 

 

Materials and methods 

 

Patients 

In this study patients diagnosed with loosening of hip or knee implants undergoing 

revision surgery in our hospital were included in the period ranging from January 2003 to 

January 2004. All patients underwent standardized preoperative hygiene procedures. Routine 

antibiotic prophylaxis consisted of cefazoline, 1000 mg intravenously, twenty minutes before 

the operation for patients with aseptic loosening. Patients with suspected septic loosening often 

were already treated with antibiotics. All patients received postoperative anticoagulation 

(nadroparine, 0.3 mL subcutaneously combined with acenocoumarol orally). In total, 29 men 

and 30 women with a mean age of 68 years were included (see also Table I).  

The prosthetic parts being revised were 11 total hip prostheses, 17 cups, 15 stems, 15 

total knee prostheses and 1 femoral part of a total knee prosthesis. Before insertion of the 

primary prosthesis the original pathology was osteoarthritis in 44 cases, rheumatoid arthritis in 

12 cases and avascular necrosis in 3 cases. During this primary insertion, cement was used in 

34 of the 59 cases. The mean time the implant had been present in the body was 9.0 years. The 
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indication for revision was suspected septic loosening in 14 cases and suspected aseptic 

loosening in 45 cases. 

 

 

Table I. Baseline characteristics of the three groups.  
 

 Septic loosening 
(N=14) 

Aseptic loosening 
(N=45) 

Total group 
(N=59) 

Mean age (± SD) (in years) 
Male/female 
Cement/no cement 
Time prosthesis in situ (± SD) (in years) 

66.7 (52.8-80.6) 
8/6 
9/5 

0.7 (0.2-1.2) 

67.9 (61.8-74.0) 
21/24 
25/20 

11.4 (5.6-17.2) 

67.6 (55.3-79.9) 
29/30 
34/25 

9.0 (2.2-15.8) 

Prosthetic component 
- THA 
- Cup 
- Stem 
- TKA 
- Femoral part TKA 

 
6 
 
 

8 
 

 
5 

17 
15 
7 
1 

 
11 
17 
15 
15 
1 

Osteoarthritis 
Rheumatoid arthritis 
Avascular necrosis 

10 
3 
1 

34 
9 
2 

44 
12 
3 

THA: total hip arthroplasty  
TKA: total knee arthroplasty 
 

 

Intra-operative culturing 

New routine hospital culturing 

During revision surgery at least three tissue samples were obtained of suspected 

infected areas (including capsular tissue and membrane tissue) and an aspirate of joint fluid 

was taken upon entering the capsule. Within 2 hours after sampling, tissue samples and 

aspirate were transported to the hospital laboratory and handled within 1 to 4 hours. Samples 

were incubated for three weeks on blood and chocolate agar at 35°C under aerobic conditions; 

plate inspection occurred during the first four days and at days 7, 14 and 21. Samples were also 

incubated on brucella blood agar for 10 days at 35°C under anaerobic conditions; these plates 

were inspected at days 2, 4, 6, 8 and 10. Subsequently, Gram staining was done and strains 

were identified by growing on selective agar or performing specific tests.  

Research laboratory tissue culturing 

The excised tissue samples and joint fluid aspirate were transported to our biomaterial 

research laboratory within 2 to 4 hours to be handled immediately. The tissue samples were 

streaked on blood agar plates and the joint fluid aspirate was put on these plates as well. The 

agar plates were incubated for 7 days at 37°C both aerobically and anaerobically. Plates were 

inspected during the first 4 days and at day 7. Positive samples were taken for Gram-staining. 
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Subsequently, a catalase test and DNase test were performed to identify Coagulase negative 

staphylococci (CNS) and S. aureus.  

Research laboratory biomaterial culturing  

The explanted prosthetic parts were put in a sterile organ bag and transported in cooled 

(4°C) reduced transport fluid (NaCl 0.9g/L, (NH4)2SO4 0.9g/L, KH2PO4 0.45g/L, MgSO4 0.19 

g/L, K2HPO4 0.45 g/L, ethylenediaminetetraacetic acid 0.37 g/L, L-Cysteine HCl 0.2 g/L: pH 

6.8) and also transported to our biomaterial research laboratory within 2 to 4 hours to be 

handled immediately. As many parts as possible of every prosthesis were scraped with surgical 

knives after which the knife was streaked on blood agar plates. The plates were handled as 

described above. 

 

Postoperative infectious complications 

In order to investigate whether infectious complications occurred related to the revision 

surgery, all patients were followed for at least 18 months. First, patients were monitored during 

their stay at the orthopaedic ward. After their discharge from the hospital during the 

postoperative controls at standard times after surgery, C-reactive protein level (CRP), 

erythrocyte sedimentation rate (ESR) and a white blood cell count were performed. In the 

absence of other foci for infection, a prosthesis was considered infected in case of an increase 

of infection parameters.  

 

Conventional versus laminar airflow 

Patients were included during use of a conventional air flow system, known to yield 

34% intra-operative contamination, and after installation of a new, laminar flow system (see 

Table II for specifications of both air flow systems), reducing the number of intra-operative 

contamination to 9%.18 By comparing the occurrence of intra-operative contamination under 

both conditions for aseptic and septic loosening, its role during revision surgery and the 

development of deep periprosthetic infection will be assessed. 

 

Statistical analysis 

The Pearson’s Chi-square test for categorical data was used to test differences between 

the groups, when all cells of the contingency table contained at least 5 persons. Otherwise the 

Fisher’s exact test was used. Statistical calculations were performed using SPSS software 

version 12.0 (SPSS Inc., Chicago, IL). For the three types of intra-operative culturing 
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predicting the occurrence of deep periprosthetic infection both the positive and the negative 

predicative value were calculated.  

 

 

Table II. Characteristics of the old conventional and the new laminar airflow system as used in this study. 
 

 Old situation: 
Conventional airflow system 

New situation: 
Laminar airflow system 

Total air 

Fresh air 

Recirculating air 

Plenum size 

Type HEPA* filter 

Bottom layer ceiling 

Air conduction 

Air inflow speed 

Airflow principle 

Ventilation of fresh air 

Total Ventilation of air 

Dilution at operating table 

2700 m3 /h 

2700 m3 /h 

None 

240 x 300 cm (7.2 m2) 

Cassette filter 

Perforated steel 

None 

10 cm/sec 

Mixing 

22/h 

22/h 

22/h 

8100 m3 /h 

2700 m3 /h 

5400 m3 /h 

320 x 320 cm (10.2 m2) 

Plate filter 

Polyester distribution cloth 

Glass panels extending from ceiling 

20 cm/sec 

Diluting 

22/h 

60/h 

240/h 

* High Efficiency Particulate Air filter 
 

 

Results 

 

Intra-operative culturing 

In the total group of 59 patients, new routine hospital culturing showed microbial 

growth in 11 of the 59 (18.6%) cases in at least one of the cultures. The research laboratory 

tissue culturing performed in our laboratory revealed bacteria in 22/59 (37.3%) cases and the 

culturing of the biomaterial showed growth in 30/59 (50.8%) of the cases. Table III lists the 

type of organism cultured and their frequency, found with the three techniques. It can be seen 

that CNS was identified with biomaterial culturing in 22 of the 38 (57.9%) positive samples, S. 

aureus was seen in 6/38 (15.8%) samples and P. acnes in 3/38 (7.9%) samples. From 

biomaterial culturing, more than one bacterial strain was discovered in 8 cases.  
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Table III. Organisms found with the three culturing methods.  
 

Organism New routine 
hospital culture 

 
(Number) 

Research 
laboratory 

tissue culture 
(Number) 

Biomaterial 
culture 

 
(Number) 

Aerobes: 
- CNS 
- S. aureus 
- Gram-positive 

cocci 
- Gram-positive 

rods 
- Gram-negative 

rods 
Anaerobes: 
- P. acnes 
- Gram-positive 

cocci 
- Gram-negative 

rods 

 
7 
3 
1 
 

1 
 

1 
1 
1 

 
15 
5 
3 
1 
1 
  

4 
1 
1 

 
22 
6 
3 
1 
1 
  

3 
1 
1 

 15 31 38 

 

 

Postoperative infectious complications 

In the group of 14 patients undergoing surgery because of septic loosening, new routine 

hospital culturing showed microbial growth in 8 of the 14 (57.1%) cases, research laboratory 

tissue culturing performed in our laboratory revealed bacteria in 9/14 (64.3%) cases and the 

biomaterial culturing showed growth in all 14 cases. All 14 patients were treated with a two-

stage revision combined with intravenous antibiotic therapy, after which 10/14 patients still 

showed infectious complications: 2/14 patients needed additional antibiotic treatment after 

reimplantation, 5/14 patients needed lavage on one or more occasions before reimplantation of 

the prosthesis, and 3/14 patients eventually had their prosthesis removed (1 girdlestone and 2 

knee-arthrodeses). After 18 months of follow-up 1/14 patient had died because of sepsis and 

3/14 still had elevated CRP and ESR-levels in their blood.  

 As demonstrated in table IV, the group of 45 patients with suspected aseptic loosening 

showed microbial growth in one or more cultures during new routine hospital culturing in only 

4/45 (8.9%) cases, while the research laboratory tissue culturing performed in our laboratory 

showed growth in 13/45 (28.9%) cases, and the biomaterial culturing in 16/45 (35.6%) cases.  

After a follow-up of at least 18 months 12/45 (26.7%) patients had developed a deep 

periprosthetic infection. It appeared that all 4 cases with a positive new routine hospital culture 

had developed a deep periprosthetic infection, but that also 8/27 cases with negative new 

routine hospital cultures had developed one. Of the 13 patients with positive research 

laboratory tissue cultures 8 developed an infection, meaning that 4/32 with negative research 

laboratory tissue cultures also developed an infection. Of the 16 patients with positive 
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biomaterial cultures 12 developed a deep periprosthetic infection. The remaining 29 patients 

with no growth in biomaterial cultures did not develop a deep periprosthetic infection during 

the follow-up of at least 18 months.  

Table IV also shows that the negative predictive value of biomaterial culturing is 100%, 

suggesting that no septic loosening was missed with this method, whereas the negative 

predictive value of new routine hospital culturing was only 80%. In this case that means that 8 

septic loosenings were wrongfully treated as aseptic ones, resulting in deep periprosthetic 

infection.  

 

 

Table IV. Number of patients with suspected aseptic loosening developing deep periprosthetic infection (DPI) 
within the first 18 months of follow-up for each culturing type and the combination of research laboratory tissue 
culturing and biomaterial culturing. The positive predictive value and the negative predictive value are also 
shown. 

 Bacterial growth No bacterial growth PPV NPV 
 DPI No DPI DPI No DPI   

NRHC 4 0 8 33 100% 80% 

RLTC 8 5 4 28 62% 88% 

BC 12 4 0 29 75% 100% 

RLTC and BC 12 6 0 27 67% 100% 

NRHC: new routine hospital culturing; RLTC: research laboratory tissue culturing; BC: biomaterial culturing; 
DPI: deep periprosthetic infection; PPV: positive predictive value; NPV: negative predictive value. 

 

 

Conventional versus laminar airflow 

In order to compare the old and new operating room situation, the research laboratory 

culture method is used (the combination of research laboratory tissue culturing and biomaterial 

culturing). As can be seen from Figure 1A, 7 suspected septic loosenings were operated upon 

in the operating theatre with the conventional airflow system, and also 7 suspected septic 

loosenings were treated in the new situation with laminar airflow. It can be seen that both the 7 

patients with suspected septic loosening in the old operating theatre and the 7 patients with 

suspected loosening in the new operating theatre showed microbial growth on research 

laboratory culturing.  

Figure 1B shows that in the old situation 15/23 (65.2%) aseptic loosenings showed 

microbial growth in the research laboratory tissue and biomaterial cultures. In the operating 

theatre with the new laminar flow system the number of times bacterial growth was seen in the 

group with aseptic loosening was significantly smaller (3/22: 13.6%) than in the old operating 

theatre (p=0.001). Of the positive cultures in the old operating theatre 9/15 patients (60%) 
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developed a deep periprosthetic infection, compared to 3/3 patients (100%) with positive 

cultures in the new operating theatre. 

 

 

 

 

A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
B. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Septic and aseptic loosening in the operating theatre with conventional and with laminar airflow. The 
results of research laboratory tissue and biomaterial culturing for the suspected septic loosening is shown (A) as 
well as the outcome of the research laboratory tissue and biomaterial culturing in terms of periprosthetic 
infection for the suspected aseptic loosenings (B).  
 

 

14 
septic loosenings 

7 
conventional 

aiflow 

7 
laminar  
airflow 

7 
research laboratory 

culture positive 

0 
research laboratory 

culture negative 

7 
research laboratory 

culture positive 

0 
research laboratory 

culture negative 

45 
aseptic loosenings 

23 
conventional 

aiflow 

22 
laminar  
airflow 

15 
research laboratory 

culture positive 

8 
research laboratory 

culture negative 

3 
research laboratory 

culture positive 

19 
research laboratory 

culture negative 

9 
periprosthetic 

infection 

0 
periprosthetic 

infection 

3 
periprosthetic 

infection  

0 
periprosthetic 

infection 
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Discussion 

 

This study shows the importance of biomaterial culturing in orthopaedic implant 

revision surgery in differentiating between septic and aseptic loosening. To our knowledge this 

is the first study to investigate the positive and negative predictive value of different intra-

operative culturing types for developing deep periprosthetic infection after the revision of the 

prosthesis. This study also points out that in some cases in which the intra-operative culturing 

was positive for bacterial growth, this was probably due to intra-operative contamination and 

not due to an aseptic loosening that was wrongfully considered septic.  

Biomaterial culturing showed microbial growth in our study in 100% of suspected 

septic loosenings and in 36% of the suspected aseptic ones, whereas new routine hospital 

culturing only showed growth in 57% of the septic cases and in only 9% of the suspected 

aseptic loosenings. These results are in accordance with the study by Neut et al. performed in 

our hospital.15 From table III it can be seen that the bacteria that were found the most are CNS 

(N=20), S. aureus (N=6) and anaerobes (N=6), of which half were determined as P. acnes. 

This is in accordance with other studies regarding this topic.8;10;16;19-20 All three bacteria have 

also been proven to be able to grow biofilms on prostheses.21  

In most cases of suspected septic loosening patients were operated upon while being 

treated already with antibiotics. It is recommended however to discontinue antimicrobial 

therapy at least two weeks before tissue sampling.22 This might explain why in only 57-64% of 

the suspected septic loosenings bacterial growth was shown in the tissue culturing. On the 

other hand, it did not seem to affect the sensitivity of culturing biomaterial scrapings (100%), 

evidently because micro-organisms growing in a biofilm are up to 1,000 times more resistant to 

growth-dependent antimicrobial agents than their planktonic (free-living) counterparts.23;24 A 

limitation to this study regarding the follow-up is the fact that patients with positive new 

routine hospital cultures received antibiotics against the bacteria identified. Nevertheless, all 

four cases developed deep periprosthetic infection.  

Regarding the discussion whether aseptic loosening exists or if its part of the prosthetic 

loosenings is overrated, our results suggest that with biomaterial culturing 36% (16/45 cases) 

were in fact septic loosenings. New routine hospital culturing only showed growth in 9% 

(4/45) of the cases, meaning that 12 cases (27%) were wrongfully treated as aseptic loosenings.  

Diagnosing prosthetic loosening is extremely difficult. Many hospitals use preoperative 

aspiration as some kind of golden standard. It is believed by some that a combination of 
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preoperative and intra-operative tests is needed for an accurate diagnosis of infection of 

prosthetic joint infections.10 Others state that there is no generally established definition of a 

deep infection, most diagnostic tools are hampered by varying accuracy, and the current low 

prevalence of deep infection make new diagnostic tools (such as PCR) difficult to 

evaluate.8;9;17;25;  

Intra-operative culturing is considered to provide the most accurate specimens for 

microbiological cultures and is frequently used as the reference standard for diagnosing 

orthopaedic implant infection.8;16;26 Several investigators have suggested ways to perform 

intra-operative tissue sampling and culturing and suggest that at least three intra-operative 

tissue specimens should be sampled for culture.20;27 Atkins et al. recommend that five or six 

specimens be sent, and that the cut-off for a definite diagnosis of infection be three or more 

operative specimens that yield an indistinguishable organism.19 Others state that intra-operative 

culturing during revision total hip surgery is an unreliable predictor of sepsis, but they only 

cultured three joint fluid samples, not tissue samples.28 Alternatives are biomaterial culturing 

or histology. The latter has been proven to be better than intra-operative tissue sampling.16;20 

Regarding biomaterial culturing, Spanghel et al. found that there was no substantial 

difference between the results on culture of tissue compared with those on culture of material 

obtained by swabbing of the prosthesis.27 Our results show otherwise. This is because bacteria 

on a biomaterial grow in a biofilm mode of growth, which firmly anchors and protects the 

bacteria from being swabbed off. Alternatives for scrapings are multifocal laser scanning of the 

biomaterial or ultrasonication of the prosthesis.15;16 A disadvantage of biomaterial culturing is 

the risk of contamination during the prosthesis culturing process may be high, hence leading to 

false-positive results.22 The somewhat low positive predictive value of biomaterial culturing 

for developing periprosthetic infection might be explained by that.  

A factor that might be overlooked in most studies regarding septic and/or aseptic 

loosenings is the role of intra-operative contamination. Therefore we compared the suspected 

aseptic loosenings that were operated upon in an operating theatre with conventional airflow 

with the ones that were treated in an operating theatre with laminar airflow. We found that the 

number of times bacterial growth was seen in the operating theatre with the new laminar flow 

system was significantly smaller than in the old operating theatre (P=0.001), suggesting that in 

many cases intra-operative contamination might have played a key role and this may have 

caused the deep periprosthetic infection in some of the 9 patients. Another study performed in 

our hospital confirms this, as with primary arthroplasty the intra-operative bacterial 
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contamination level dropped from 34% to 9% when the airflow system was replaced, among 

other things.18  

In conclusion, culturing of biomaterial scrapings is imperative in differentiating 

between septic and aseptic prosthetic loosening, with a positive predictive value of 75% and a 

negative predictive value of 100% for the occurrence of periprosthetic infection after revision 

arthroplasty. The increased incidence of infection after revision surgery as compared to 

primary arthroplasties may to our mind be partly due to the fact that the revision took place in a 

septic environment that hitherto had not been recognized as such and had been treated as an 

aseptic and biomechanical loosening.  
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