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Introduction 

 

The prevalence of osteoarthritis in the population is high and as most adequate 

treatment modalities for it are expensive, the total expenditure of treating this affliction is very 

high. The cost of arthritis in the year 2000 in the United States alone was estimated at 95 

billion dollars.1 In 1996 over 607,000 hip and knee replacements were performed in the United 

States.2 By the year 2030, it is estimated that there will be an 85% increase in knee 

replacements and an 80% increase in hip replacements.3 Total hip replacements can wear out 

and have a life expectancy of 10 to 30 years of service.4 Approximately 10% of all hip 

replacements will fail and require revision surgery.4 Revision surgery is more costly, requires a 

significantly longer hospital stay, incurs higher complication rates, and has a poorer prognosis 

than the original joint replacement procedure.5;6 Probably the worst complication is 

periprosthetic infection. It constitutes a disaster for both patient and doctor. Conservative 

estimates of infection rates average 1-2% for hip implants and 2-4% for knee implants. The 

number of joint replacements is expected to increase drastically in the next twenty years and if 

the infection rate is not reduced, also the incidence of infection will increase, yielding 

increased morbidity, hospital stay and costs to the healthcare system. 

 

The ultimate goal of this study was to assess the predictive value of microbiological 

analysis of the used set of instruments and removed bone chips during primary arthroplasty and 

of the removed prosthesis during revision surgery. Eventually, this will lead to the 

identification of patients with a higher risk of deep periprosthetic infection, in order to handle 

this group of patients accordingly with early and appropriate treatment.  

 

 

On intra-operative culturing during primary arthroplasty 

 

Charnley already recognised in 1972 that intra-operative contamination was a major 

threat to the success of total joint replacements, but others stated that its role as a cause of deep 

infection was highly overrated.7;8 Several studies on intra-operative culturing of equipment and 

bacterial analysis of air samples have been performed, yielding conflicting conclusions on 

relationships with postoperative infections.9-13 Scepticism about the importance of intra-

operative contamination therefore still remains. Although it is generally believed that every 
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operating room is contaminated to some extent, it is not always clear whether this 

contamination is a risk for periprosthetic infection. We believe that any bacteria colonising the 

primary prosthesis, but not identified and eradicated, may infect the new prosthesis and put it at 

risk of (renewed) failure. 

During the period of intra-operative culturing in this thesis contamination was 

demonstrated during 33-36% of the primary arthroplasty operations (in the operating room 

with conventional airflow). The association between intra-operative contamination and the 

occurrence of a periprosthetic infection appeared to be highly significant. The cultures of 

removed bone chips yielded results of which the negative predictive value, the sensitivity, and 

the specificity for the occurrence of periprosthetic infection are excellent (see Table I). 

Subsequently, the mean costs per patient with a positive intra-operative culture was drastically 

higher than for the patients with a negative intra-operative culture (see Figure 1). Moreover, it 

was shown that the mean costs per patient with a deep periprosthetic infection (> €45,000) 

were three times higher than those for patients that didn’t develop a deep periprosthetic 

infection (€15,000). Therefore, we consider our culture method (mainly the culturing of bone 

chips) to be an effective instrument in the battle against periprosthetic infection.  
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Figure 2. Mean total costs per patient, differentiated between positive en negative  
intra-operative culture outcomes. 
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On intra-operative culturing during revision arthroplasty 

 

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.14 

The percentage however, of prosthetic joint infection after revision arthroplasty is 3.2% for 

hips and 5.6% for knees,14 and can be as high as 40% for failed hip arthroplasties with a 

positive intra-operative culture.15 It is imperative to exclude septic loosening 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.16-18 A wrong diagnosis will lead to treatment failure, 

increased morbidity and added costs to the healthcare system.  

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

detection methods.18-20 No single test is able to show the presence of periprosthetic infection in 

every case.21 Loosening due to a low-grade infection in particular is difficult to distinguish 

from aseptic failure, as it often presents as (persisting or recurring) pain sometimes in 

combination with discrete signs of radiological loosening with limited or no clinical signs of 

infection at all.22 A recent study of our group showed that an extensive culture technique of 

both excised tissue and of scrapings of the removed prosthesis is more sensitive for detecting 

bacteria than routine hospital culturing.23 However, 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.24;25 

 

 

Table I. The positive and negative predictive values (PPV and NPV, respectively), and the sensitivity (Sens) and 
specificity (Spec) of intra-operative culturing for the occurrence of periprosthetic infection. Cultures were taken 
during primary (instrument swabs and bone chips) and during revision surgery (extensive tissue and biomaterial 
culturing), both with conventional and with laminar airflow in the operating theatre.  
 

  CONVENTIONAL AIRFLOW LAMINAR AIRFLOW 
   

PPV 
(%) 

 
NPV 
(%) 

 
Sens 
(%) 

 
Spec 
(%) 

 
PPV 
(%) 

 
NPV 
(%) 

 
Sens 
(%) 

 
Spec 
(%) 

          

PRIMARY Instruments 4.8 92.4 14.2 92.4 0 98.5 0 93 
 Bone chips 

 
35.3 98.8 85.7 88.2 25 100 100 95.7 

REVISION Tissue 54.5 75 66.7 64.3 100 95 33.3 100 
 Biomaterial 69.2 100 100 71.4 100 100 100 100 
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This thesis shows that the extensive culture technique is more sensitive than hospital 

culturing during both septic and aseptic loosening, and also has high predictive values, 

sensitivity and specificity for the occurrence of (re-)infection after revision of suspected aseptic 

loosenings. In particular the culturing of the scrapings of the biomaterial is very predictive, 

sensitive and specific (see table I). Moreover, the mean costs per patient with a positive intra-

operative culture were more than twice as high as the mean costs per patient with a negative 

culture (see Figure 1).  

 

 

On reducing intra-operative contamination 

 

Intra-operative contamination is common in every operating room.26-28 However, there 

are ways to decrease this phenomenon to a minimum by implementing a policy which is based 

on a behavioural and systemic approach. In the behavioural approach, preventive measures 

focus on reducing the number of air-borne particles in the operating room through disciplinary 

measures. Simple and cheap measures include limiting the number of personnel in the 

operating room, while also movements of personnel in the operating room should be restricted 

to a minimum, as it has been shown that increased activity enhances the dispersion of 

bacteria.29 A systemic approach consists of improving the airflow system. The introduction of 

laminar airflow systems has greatly reduced infection in orthopaedic implant surgery. Laminar 

flow, as opposed to turbulent flow, allows air-borne particles to pass the operating area and 

prevent them from landing in the wound area. In a downflow laminar system for example, the 

unidirectional air enters the operating room in the ceiling above the operating area through 

filters. This study shows a significant decrease of intra-operative contamination after 

implementing a behavioural and a systemic alteration, both during primary arthroplasty and 

revision arthroplasty of aseptic loosened prostheses (see Figure 2). The majority of the 

individual parameters combined in our interventions, have already been proven to reduce 

contamination in the operating room,14;27;30-36 but their combined effects were not yet 

determined. However, the combination of all these parameters evidently creates the most 

effective weapon against infection. As the total costs for treating a septic loosened prosthesis 

were estimated to be €52,750, the costs for building a laminar airflow system (in our hospital 

€540,000 for two operating theatres) will be recovered when only eleven periprosthetic 

infections have been prevented.  



 

 

115 

0%

10%

20%

30%

40%

50%

60%

70%

Primary arthroplasty Revision arthroplasty

In
tr

a-
op

er
at

iv
e 

co
nt

am
in

at
io

n

Old situation

New situation

 
 
Figure 2. Percentage of primary and revision arthroplasties that were contaminated  
intra-operatively, measured before (old situation) and after systemic and behavioural  
interventions took place (new situation).  

 

 

Intra-operative contamination varies during surgery and during the day. One can expect 

that the longer an operation lasts, implicating an increased exposure time, the more bacteria are 

present in the operating area and thus gain access to the wound. Our results furthermore show 

significantly more contamination during the early phase of a procedure than during the late 

phase. Just prior to an operating procedure extensive movement is occurring in the operating 

area for the final preparation, positioning and draping of the patient. After this high peak of 

initial movement it is from then on as limited as possible during the rest of the  procedure. 

Consequently, it is not surprising that the samples taken in the initial phase of the operation 

showed a higher contamination rate than those taken during the late phase. These results 

coincide with the results of measurements we did of air particles about 50 centimeters from the 

operating wound. Samples taken just before surgery showed the highest number of particles, 

followed by a decrease at 30 minutes after incision. At the end of surgery, counts increased 

somewhat, but not to the initial values. Noteworthy is that during the fourth and last operation 

of the day the counts increased markedly, probably caused by people who are already cleaning 

up things and hence are moving about a lot.   

As bacteria can never be fully eliminated from an operating room, we also studied 

transfer of bacteria between different operating room materials. Bacterial adhesion to and 

transfer between surfaces is a complicated process and with regard to the success of 

biomaterials implants, studies on bacterial adhesion and transfer should not be confined to 

biomaterials surfaces on the surface of and inside the human body, but should also include 
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surfaces in the operating room, where the origin of many biomaterials related infections is 

found. Transfer was demonstrated to some extent with all bacterial strains and with every 

tested material, ranging from 17 to 71%, and was influenced by the bacterial strain, moistness 

of the inoculum, the application of friction and the roughness and hydrophobicity of both the 

donating and the receiving surface. Reducing this transfer, for example by changing surface 

properties, can eventually reduce the number of bacteria that enter the operating wound.  

 

 

On the clinical significance of this thesis 

 

Factors leading to periprosthetic infection must be considered with respect to the 

patient, the wound, the operating-room environment, and microbiological characteristics of the 

infecting organism.  

 In current clinical practice patients who have to undergo an arthroplasty are screened 

pre-operatively mainly to see whether a patient is healthy enough to withstand surgery. We 

suggest that patients should also be screened on risk factors for postoperative infection, not to 

exclude patients from surgery, but to know whether they are at higher risk or not. Known risk 

factors are rheumatoid arthritis and other immunocompromising diseases, diabetes, poor 

nutrition, obesity, urinary tract infection, oral use of steroids, previous operations on the 

affected joint, and a history of joint infection.14 These risk factors should be eliminated as 

much as possible before surgery takes place (i.e. poor nutrition, obesity, urinary tract infection, 

oral use of steroids).  

 Intra-operatively, cultures should be taken during both primary and revision 

arthroplasty. As shown earlier in this thesis, culturing of removed bone chips during primary 

arthroplasty and culturing of (scrapings of) the removed biomaterial during revision surgery is 

a very sensitive and specific diagnostic instruments for predicting periprosthetic infection. 

Both procedures are not expensive and do not lengthen the operative procedure.   

 Radical alterations in behaviour and airflow system in an operating room can decrease 

intra-operative contamination. To maintain these low bacterial counts, both the airflow system 

and behaviour have to be monitored constantly and consistently. Both the manufacturer of the 

airflow system and the hospitals infection control officer (for example a consultant 

microbiologist) should advice on the microbiological performance of the airflow system and 

therefore have responsibility for the monitoring thereof. An infection committee should 
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monitor the behavioural changes and report frequently to the people working in the operating 

room. Both positive and negative feedback help maintain the reduction in dispersion of 

bacteria. Finally, it is important to emphasise that all personnel working in the operating room, 

including surgeons, operating room assistants, anaesthesiologists and cleaning personnel 

adhere to the hygiene protocol very strictly.  

Bacteria that are living in a biofilm are far more resistant to antibiotic treatment than 

planktonic bacteria, which make the treatment of periprosthetic infection very difficult. During 

the transfer of bacteria in the operating room, the sessile bacteria are still in a monolayer and 

can easily be treated with chlorhexidine which has already been demonstrated to be effective 

against bacteria in such a state.37-41 Intervention with this agent in the operating room by 

dipping the surgical gloves in a chlorhexidine splash-basin every ten minutes would be an 

easily applicable method to decrease bacterial transfer into the wound and hence lower the risk 

of postoperative infection.  

Post-operatively, the wound should be carefully monitored. If there is an obvious 

infection of the wound, then intervention should take please immediately. This is also the case 

if large haematoma or other sites of infection are present in the patient.42 These are the clear 

cases. In most cases, however, it is not clear whether there is an infection or not. This thesis 

shows that a wound which is not dry within four days constitutes a risk factor for periprosthetic 

infection. It also shows that intra-operative contamination is significantly associated with this 

prolonged wound discharge and with periprosthetic infection. Therefore, we recommend that 

every wound that keeps discharging for 5 days or more receives extra attention (see Figure 3).  

 

 
 
 
 
 
 
 
 
 
 
 
Figure 3. Flowchart for the treatment of 
postoperative prolonged wound discharge 
after insertion of a hip or knee prosthesis. 
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First of all the results of the intra-operative culture should be checked. In the case of 

contamination the patient should receive antibiotic treatment aimed at the micro-organism(s) 

found. In the case of prolonged wound discharge but negative intra-operative cultures the 

following should be considered: although the wound was not contaminated intra-operatively, 

there is still a risk the wound gets cross-infected on the ward. The wound should therefore be 

handled and monitored very carefully until it closes, preferably with determination of infection 

parameters in the blood (i.e. C-reactive protein). More research on this is strongly 

recommended.  
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