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Introduction 

 

Total hip and knee arthroplasties are common procedures in orthopaedic surgery and 

both are routine, effective and successful treatment modalities. A current estimate of the rate of 

total hip replacement worldwide amounts approximately one million per year, with over 

250,000 knee replacements.1 One of the most devastating complications, however, is deep 

periprosthetic infection. Conservative estimates of infection rates average 1-2% for hip 

implants and 2-4% for knee implants.2-9 In the future, it is expected that the incidence of the 

prosthetic joint infections will further increase due to (i) better detection methods for prosthetic 

joint infections, (ii) the growing number of implanted prostheses in an ageing population and 

(iii) the increasing residence time of prostheses, which are at continuous risk for infection 

during their implanted lifetime.10;11 In revision surgery, the incidence of periprosthetic 

infection is 3.2% for hip implants and 5.6% for knee implants, and can be as high as 40% for 

failed hip arthroplasties with a positive intra-operative culture.5;12 Infection remains a serious 

problem, as it generally requires multiple operations, and not infrequently amputations or 

mortality remain unavoidable during the treatment of these infections.13;14  

 

 

Biofilm formation 

 

Deep periprosthetic infection belongs to the large group of infections associated with 

indwelling medical devices, for example prosthetic heart valves, urinary catheters, intra-ocular 

lenses and breast implants. The major disadvantage of biomaterials implants is the increased 

risk of attracting infectious micro-organisms when compared to naturally occurring materials.15 

The chance for successful bacterial colonisation is influenced by the prosthetic surface 

characteristics, presence of dead bone fragments, and it is also dependent on host factors. 

Implants are covered with blood fractions immediately after their insertion, referred to as a 

conditioning film.16 Bacteria are able to adhere by help of a wide range of physical and 

chemical interactions. Surface characteristics of the biomaterial also seem to be of importance, 

including hydrophobicity, roughness, and surface charge.17-26   

Gristina et al. proposed an elegant pathogenetic metaphor for the situation occurring 

shortly after the insertion of implants: “the race for the surface” between the cells of the body 

and bacteria which inadvertently are deposited in the surgical wound.27 The final result 
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depends primarily on the velocity and configuration of the process of bacterial adhesion and 

host coverage of the prosthetic surface. If the winners of this race are bacteria, they can display 

their survival strategy. More virulent pathogens expand through their elaboration of 

extracellular proteins, which is in contrast to less virulent pathogens producing large amounts 

of extracellular slime to embed and protect bacterial cells. The biofilm consists of bacterial as 

well as host parts that are created by fibrin, polymorphonuclear neutrophils, erythrocytes, 

histiocytes, fibroblasts and many other constituents.28 A fibrous capsule on the outer surface of 

the biofilm can be considered as the interface between host and bacterial organisms. Under 

certain conditions a symbiotic relationship between more than one bacterial species may be 

advantageous for the development of biofilm colonies. Bacteria in a biofilm do not grow 

exponentially, but rather exist in a slow-growing or starvation state.29;30 The extracellular slime 

enables them to evade the host immune system and antibiotic treatment.31;32  

 

 

Periprosthetic infection 

 

 The minimal requirement for the development of deep periprosthetic infection is 

successful bacterial colonisation of prosthetic and/or bone surfaces around the artificial joint 

space. Another important aspect is the immune system of the host. Impairment of the immune 

system (due to prosthesis-related and/or patient-related factors) plays an important role in the 

pathogenesis and onset of periprosthetic infections. Once the bacteria have reached the 

artificial joint, they are perceived as a foreign organism in the host body, which will trigger an 

immune response with inflammation. The character of this response can be modified by a 

chronically immunoincompetent inflammatory zone surrounding artificial joints,33 probably 

leading to osteolysis.34-36 Regardless of the mechanism of periprosthetic osteolysis, it is 

attractive to believe that the same processes that induce osteolysis may maintain 

immunoincompetency, facilitate expansion of the biofilm community, and may even lead to 

the development of haematogenous infection.  

 Infection following total joint arthroplasty remains a serious complication. Virulent 

pathogens cause an acute form of infection with a consistent clinical picture and laboratory 

findings. However, the majority of periprosthetic infections are due to human skin saprophytes 

(from both patient and operating room personnel) of low virulence that are able to provoke 

only minimal or no symptoms for some time. The cultures obtained from different articular 
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sites can be negative in spite of evidently infection.25;37-44 The subsequent incorrect diagnosis 

may lead to inappropriate surgical procedures associated with a high risk of failure.37;38;45  

 

 

Intra-operative contamination 

 

It is generally believed that intra-operative contamination is common in every operating 

room.46-54 The main sources for intra-operative contamination are the skin of the patient and 

airborne particles from room personnel.55;56 In 1982, Whyte et al. already stated that bacterial 

contamination of the wound in the operating room is in 2% of the cases caused by bacteria 

from the patient and in 98% by bacteria in the air of the operating room. In the latter case, 30% 

reaches the wound directly via the air and 70% reaches the wound via hands of the surgical 

personnel or by the instruments used.54   

Intra-operative contamination is the result of a series of bacterial transfers from the skin 

of the patient or operating room personnel via instruments and other materials to the wound 

area.55;56 Davis et al. identified materials that are frequently contaminated during elective 

orthopaedic surgery. In 14.5% of the procedures, the light handles were contaminated, in 17% 

the theatre gowns and in 28.7% the gloves of the operating team.46 The used sets of 

instruments were contaminated in 3.2% to 11.4% of the sampled cases.  

In 1972, Charnley already recognised intra-operative contamination as a major threat in 

the success of total joint replacements. Others stated that the role of intra-operative 

contamination as a cause of deep infection was highly overrated.46;48-50 Hansis et al. stated that 

the operative wound is contaminated to some extent in all procedures, but every wound is able 

to tolerate some local host damage and some bacterial inoculum without manifestation of 

infection.57   

 

 

Purpose of the study 

 

 Within the department of Orthopaedic Surgery at the University Medical Centre 

Groningen, the control of postoperative wound infection with and without subsequent 

periprosthetic infection was a serious problem. In cooporation with the department of 

BioMedical Engineering and the department of Medical Microbiology, a project was started to 



 

 

16 

create a better understanding of this problem, and eventually its control. The ultimate goal of 

the study was to assess the predictive value of microbiological analyses 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, so these patients could receive early, appropriate 

treatment with antibiotics.  

Starting point for this project was the (predictive) value of intra-operative culturing. 

During every primary placement and every revision knee or hip arthroplasty intra-operative 

cultures were taken. Firstly the level and implications of intra-operative culturing had to be 

assessed. In Chapter 2 an association was to be found between intra-operative bacterial 

contamination during primary arthroplasty of hip joints and the occurrence of postoperative 

infectious complications related to the prosthesis site. As the incidence of deep periprosthetic 

infection after primary arthroplasty is relatively low, it was being investigated whether a 

positive intra-operative culture was associated with the occurrence of prolonged wound 

discharge in the postoperative period. The main reason is that the incidence of prolonged 

wound discharge, the latter being a proven predictor for postoperative wound infection3;58;59 

and periprosthetic infection60 seemed to occur with a much higher frequency. Another aim of 

this study was to identify patient-related risk factors for prolonged wound discharge. If this 

could be done, patients with a higher risk could be identified in a very early stage and treated 

accordingly.  

Preliminary results led to new questions and interventions. In Chapter 3 measures were 

evaluated that could be taken to reduce intra-operative bacterial contamination in primary 

arthroplasty. Both behavioural and systemic measures were evaluated. New rules involving 

operating room discipline were introduced and a new laminar airflow system was installed. 

Secondly, it was being assessed whether intra-operative contamination was of any importance 

in the development of periprosthetic infection, as some conflicting conclusions on this 

relationship had been reported in literature.46;48-51   

In Chapter 4 the extent and the importance of intra-operative culturing during revision 

arthroplasty was under investigation. Besides evaluating systemic and behavioural measures, it 

was also being investigated whether intra-operative bacterial contamination plays a role in the 

development of infection after revision surgery.  

In order to decrease bacterial contamination of the operating wound during surgery 

even more, a model was developed to investigate the transfer of bacteria from one operating 
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room material to another. The aim of Chapter 5 was to quantify this transfer, while accounting 

for surface hydrophobicity and roughness, moistness and application of friction during transfer. 

This was done for microorganisms known to cause deep periprosthetic infection: 

Staphylococcus aureus, Staphylococcus epidermidis and Propionibacterium acnes.46;53;54;61-65 

As a possible clinical intervention method to prevent transfer, it was investigated whether 

dipping the gloves in a chlorhexidine splash-basin affected the viability of the transferred 

bacteria. 

Many hospitals dealing with difficulties to control infectious complications after 

surgery are reluctant to (re)build an operating room because of the high costs involved. In 

Chapter 6 the economic implications of intra-operative bacterial contamination during both 

primary and revision arthroplasty are investigated, in order to show that it is cost-effective to 

take drastic hygienic measures.  

Chapter 7 eventually, gives a summery of findings, general discussion and closing 

remarks. 
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