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Introduction 

 

Osteoarthritis is a slowly progressive degenerative disease that afflicts more than two-

thirds (68%) of persons older than 55 years of age,1 and becomes more prevalent with 

advancing age.2;3 Presently, 43 million individuals have arthritis and by the year 2020, it is 

estimated that 59.4 million persons will be affected by this disease world wide.1 Therewith 

arthritis is the most frequently reported chronic condition in the elderly. The Centres of Disease 

Control and Prevention in 1994 reported that by the year 2020, arthritis will have the largest 

increase in numbers of new patients of any disease in the United States.4 By the year 2030, it is 

estimated that there will be an 85% increase in knee replacements and an 80% increase in hip 

replacements. 

Osteoarthritis has a significant impact on psychosocial and physical function and is the 

leading cause of disability in later life.5 Osteoarthritis however, is not only a disease of old age. 

Age of onset varies depending on the involved joint2;3 and involves more than three out of 

every hundred persons below age 45 and more than 25 out of every hundred persons between 

the ages of 45 and 64 suffer from this disabling disease.6;7 There are significant out-of-pocket 

costs and loss of earnings due to changes in occupation and in domestic duties.5 Charges in 

1993 in a managed care organization attributable to osteoarthritis per person-year were twice 

the rate as in patients without arthritis.8 The high prevalence of osteoarthritis in the population 

is reflected in the high costs to treat patients suffering from this affliction. The cost of arthritis 

in the year 2000 was estimated at 95 billion dollars.1 

Like all biomedical devices, total hip replacements can wear out and have a life 

expectancy of 10 to 30 years of service.9 Approximately 10% of all hip replacements will fail 

and require revision surgery.9 Revision surgery is also considered to be cost-effective,10;11 but 

is more costly, may require a significantly longer hospital stay, incurs higher complication 

rates, and has a poorer prognosis than the original joint replacement procedure.10-17   

Refinements in sterilization and improvement in the quality of bearing surfaces are 

expected to improve longevity and reduce the need for revision surgery. In the United States 

alone, $200-250 million is spent annually on treating infected joints.18 Bacteria are most likely 

present in every operating room, and whether a prosthesis can actually be implanted without 

intra-operative bacterial contamination remains an open question. Previous studies have shown 

that intra-operative bacterial contamination occurred in 36% of all cases during insertion of a 



 

 

94 

primary prosthesis, with significant postoperative consequences, including deep periprosthetic 

infection and prolonged wound discharge.19  

This study encompasses an economic evaluation of prosthetic joint infections. 

Economic evaluations in medicine are aimed at the quality-cost-ratio of care. In the study 

presented now the economic aspects of illness of failing prostheses properly dealing with 

bacterial contamination during prosthetic replacements in orthopaedic surgery and the ensuing 

biomaterials related infection together with the complete eradication of the infection leading to 

complaint free cure for the patient were determined by means of a 'cost-of-illness' approach. 

Firstly, the scope of the social costs generated by patients who undergo a primary or revision-

operation for a hip or knee implant are evaluated, as well as the cost increase upon 

development of a deep periprosthetic infection.  

Furthermore, it was investigated whether there are differences in these costs between 

patients with positive and negative intra-operative cultures in order to demonstrate that intra-

operative culturing could reduce societal costs associated with periprosthetic infection due to 

intra-operative contamination.  

 

 

Materials and methods 

 

Patients 

We prospectively analyzed primary and revision hip and knee arthroplasties in the 

Orthopaedic Department of the University of Groningen Medical Centre, Groningen, The 

Netherlands. The study and its protocol were approved by the hospital Ethical Committee. In 

order to obtain a representative sample over the predefined inclusion period of one year (thus 

minimizing periodic effects), we used a list of random numbers, generated by computer, which 

determined whether intra-operative culture methods would be applied for that patient. All 

patients were followed for registration of total costs and complications, especially deep 

periprosthetic infection. We restricted the number of patients that were included so as to 

minimize the burden for the personnel involved, since the protocol was not yet part of standard 

practice at the time the study was conducted. We included 50 patients undergoing a primary 

knee or hip arthroplasty and 40 patients undergoing a revision of their arthroplasty.  Patients 

with a positive intra-operative culture formed the study group, and patients without intra-

operative contamination were the control group.  
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Patients in whom a second prosthesis on another joint was inserted during the eighteen 

months of the follow-up were excluded from the study. Surgery took place in an operating 

theatre where conventional air flow was used, and the operating team wore disposable 

impervious drapes. At the end of surgery, drains were placed at the operation site in all 

patients. All 50 patients in the primary group received antimicrobial prophylaxis (cefazoline, 

1000 mg intravenously) twenty minutes before the operation. The patients in the revision group 

received different kinds of antimicrobial prophylaxis, depending on the indication of surgery. 

All included patients received postoperative anticoagulation (nadroparine, 0.3 mL 

subcutaneously combined with acenocoumarol orally). 

 

Measurement of intra-operative contamination 

During primary arthroplasties, samples were taken intra-operatively at different stages 

of the procedure, consisting of four instrument swabs and two portions of removed bone, as 

described in a previous study.20 During revision surgery, three tissue samples were obtained of 

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

fluid was taken upon entering the capsule, and the explanted biomaterial was cultured, using 

the method described by Neut et al.21 During some procedures, a clean swab was taken out of 

the charcoal medium in the operating room and left in the open for a short while after which it 

was put back in the medium in order to check whether contamination occurred during transport 

and culturing of the samples. Cultured material was considered contaminated, when bacterial 

growth was observed, regardless of the amount of growth. The study was performed blind, 

without informing the orthopaedic surgeon on the test result in order to ensure that all patients 

were treated according to protocol regardless of the results of the evaluation. 

 

Follow-up 

In order to investigate whether infectious complications occurred post-operatively all 

patients were followed up for 18 months. During the standard regular checkups after surgery 

C-reactive protein assay, erythrocyte sedimentation rate and a white blood cell count were 

done. A prosthesis was considered infected in case of elevated infection parameters when other 

foci of infection were carefully excluded, as judged by the orthopaedic surgeon.  

 



 

 

96 

Economic evaluation 

The economic evaluation was conducted from a societal persepective; both medical 

costs and costs outside the healthcare sector were assessed. The time-horizon of the evaluation 

covered a period of twelve months. The robustness of the results of the economic evaluation 

was examined by means of various sensitivity analyses. Costs were not discounted due to the 

relatively short time-horizon of the study. The types of costs that were included in the analyses 

are noted in Table I. 

 

 

Table I. Cost categories and types of costs. 
 

Direct medical costs Direct non-medical costs Indirect non-medical costs 

Inpatient and semi-inpatient care Informal care Productivity losses (un)paid work 

Medical intervention, surgery Travel costs Productivity losses without absence from work 

General health care Out-of-pocket costs  

Medication   

 

 

Costs of informal care were registered in detail in the present study. Besides informal 

care consisting of household work, various other forms of support that family members or 

acquaintances can provide were also assessed, like accompanying patients to healthcare 

professionals. Out-of-pocket costs are various additional costs directly related to the illness, 

like costs of adjustments in the house related to experienced physical problems. Costs of 

productivity losses due to illness-related absence from work were estimated by means of the 

friction cost method.22 In addition, costs of decreased productivity without absence from work 

were also assessed. Costs related to the inability to perform voluntary work were estimated by 

hourly wages for professional household workers.  

Cost data were registered prospectively for all patients included in the study. Most of 

the information was collected by means of a detailed questionnaire on costs as incurred by the 

patient and his or her family. This questionnaire was sent to the patient three (T1), six (T2), 

and 12 months after inclusion (T3). The questionnaire assessed, among others, admissions to 

hospitals, contacts with healthcare professionals, and absence from work. Additional 

information was collected from healthcare professionals involved who were interviewed for 
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instance on the prescribed medication. 

In order to facilitate comparisons with other economic evaluations, unit prices, i.e. the 

price of one unit of each included cost type, were mainly based on Dutch standard prices.23 

True costs of used resources were estimated when standard prices were not available. Costs of 

surgery were estimated by means of the College of Dutch Healthcare Rates. All unit prices 

were based on the price level of the Euro in the year 2004. Reference prices established for 

previous years were adjusted to prices of 2004 by applying the consumer price index. 

 

Statistical analysis 

Total costs per cost category will be described for patients in the primary and revision 

groups, presented results will differentiate between positive and negative culture outcomes 

within these groups. Total costs during the study were log transformed, due to the skewly 

distributed costs, and subsequently analysed using mixed model methodology (SPSS 12). 

Mixed models are strongly preferred for longitudinal analyses since all available data can be 

used, including data of patients for whom not all the measurements are available. In the 

analyses, a level of significance of P<0.05 was assumed. 

 

 

Results 

 

Patient groups and culturing results 

Results of the analyses are based on the data of 50 patients in the primary and 35 in the 

revision group. One patient in the revision group was operated on different joints on several 

occasions, and was accidentally included twice in the study. This patient was excluded from all 

analyses, leaving a group of 38 revision patients. During the one-and-a-half-year year follow-

up three patients in the revision group died, all because of reasons not related to the prosthesis. 

Therefore, data of these patients were excluded from most analyses, except from the mixed 

model and sensitivity analyses.  

The primary group of 50 patients consisted of 34 women and 16 men, receiving 36 hip 

and 14 knee prostheses. The mean age was 65.8 years (40-84) and the indication for surgery 

was osteoarthritis in 40 patients and rheumatoid arthritis in 10 patients. The revision group of 

35 patients consisted of 24 women and 11 men, having a revision of 8 total knee prostheses, 14 

total hip prostheses, 1 stem prosthesis and 12 cups. The indication for surgery was aseptic 
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loosening in 25 cases and septic loosening in 10 cases. The mean age was 65.9 years (37-91) 

and 9 patients suffered from rheumatoid arthritis.  

In the primary group intra-operative culturing gave bacteria in 21 of the 50 cases (42%) 

and in the revision group in 23 of the 35 cases (65.7%). Microbial growth was found during 13 

of the 25 revisions (52%) because of aseptic loosening and in all 10 revisions because of septic 

loosening. The control swab was negative, i.e. it yielded no growth at all times. In both the 

primary and the revision group base characteristics like “rheumatoid arthritis”, “gender”, and 

“hip or knee prosthesis” were not significantly different in the groups with and without intra-

operative contamination.  

 

Total costs of primary or revision surgery 

Within the follow up of 18 months 2 patients with a hip prosthesis developed a deep 

periprosthetic infection, with a cost of €45,034 and €59,180. The mean total cost of patients 

without a deep periprosthetic infection (N=48) was €15,376, ranging from €5890 to €53,247.  

The mean total costs of a primary hip because of osteoarthritis without periprosthetic 

infection and without rheumatoid arthritis (N=27) were €12,982 (€5890 - €53,247), and the 

total costs of a primary knee because of osteoarthritis without periprosthetic infection (N=12) 

were €12,366 (€6371 - €23,094). The costs for patients without periprosthetic infection 

suffering from rheumatoid arthritis (€26,573) were twice as high as for patients with 

osteoarthritis (€12,793).  

The mean total costs of a revision of a prosthesis accounted €41,356, with a minimum 

of €10,360 and a maximum of €123,829. The mean costs were €60,290 for revision of a total 

knee prosthesis, €40,387 for revision of a total hip prosthesis, €30,746 for revision of a cup, 

and revision of the stem prosthesis was €30,768. The mean total costs of revision of a 

prosthesis with indication of aseptic loosening (N=25) were €36,798, and those of a prosthesis 

with indication of septic loosening (N=10) were €52,750. Again the costs for patients with 

rheumatoid arthritis were almost twice as high (€63,916) as for patients without osteoarthritis 

(€33,547).  

 

Overview cost categories with and without intra-operative contamination 

Table II shows the direct medical costs generated by both groups during the 12 months 

of the study. The results displayed differentiate between patients with positive and negative 

intra-operative culture outcomes. Costs of hospital and supplemental admissions were 
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substantial in all groups; costs of supplemental admissions were higher than those of 

admissions related to the initial surgery when the implant was placed. Considerable costs were 

related to contacts with physiotherapists and homecare. Overall, costs in the revision group 

were much higher than costs in the primary group.  

 

 

Table II. Direct medical costs (€) incurred during T0 through T3. 
 

PI group (N=50) RO group (N=35) 

 

Types of costs 
Positive culture  
Mean costs (SD)  

Negative culture 
Mean costs (SD) 

Positive culture  
Mean costs (SD) 

Negative culture 
Mean costs (SD) 

Inpatient and semi-inpatient care     
Initial hospital admission 6189 (6833) 2596 (1014)  13738 (10794) 5948 (3113) 
Supplemental admissions 7639 (9576) 3617 (5519) 18509 (18619) 6423 (6741) 
Day care 0 (-) 8 (43) 19 (64) 36 (129) 
     

Medical interventions     
Primary surgery 1445 (32) 1446 (32) - - 
Revision surgery 2449 (755) 0 (-) 2515 (632) 2084 (205) 
Implants 2511 (642) 2582 (633) 3103 (2160) 2693 (1181) 
     

General health care     
General practitioner 16 (33) 7 (18) 21 (17) 25 (22) 
Physiotherapist 852 (619) 461 (236) 1285 (740) 915 (501) 
Ergotherapist 0 (-) 0 (-) 6 (28) 0 (-) 
Alternative health care 0 (-) 4 (22) 0 (-) 0 (-) 
Home care 215 (539) 121 (457) 775 (995) 771 (1132) 
Emergency care 7 (31) 10 (36) 6 (28) 0 (-) 
Other general health care 0 (-) 1 (5) 9 (35) 2 (7) 
     

Medication     
Antibiotics 39 (95) 1 (4) 404 (577) 0 (-) 

     
 

 

 

Table III shows the costs generated outside the health care sector. Costs of the various 

types of informal care were substantial in all groups. None of the patients in the primary group 

was working during the study, therefore there were no productivity losses for paid work in this 

group. In the revision group costs of productivity losses of paid work was considerable. 
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Table III. Direct and indirect non-medical costs (€) incurred during T0 through T3. 
 

PI group (N=50) RO group (N=35) 

 
Types of costs 

Positive culture  
Mean costs (SD)  

Negative culture 
Mean costs (SD) 

Positive 
culture  
Mean costs (SD) 

Negative culture 
Mean costs (SD) 

Direct non-medical costs     

Travel costs 28 (53) 11 (29) 119 (445) 22 (32) 
Informal care (household work) 1685 (2086) 1205 (1977) 2114 (3470) 1050 (1882) 
Other informal care 733 (1340) 828 (2303) 1798 (1628) 971 (878) 
Non-prescribed medication  13 (61) 10 (56) 0 (1) 1 (3) 
Out-of-pocket costs 253 (782) 140 (428) 764 (2532) 65 (93) 

Indirect non-medical costs     

Productivity losses paid work 0 (-) 0 (-) 2634 (5371) 1246 (3091) 
Productivity losses voluntary work 151 (400) 60 (254) 210 (875) 176 (372) 
Productivity losses paid work without 
absence 

0 (-) 0 (-) 11 (55) 0 (-) 

 

 

 

 Total costs during the study with and without intra-operative contamination 

An overview of the total costs during the study is provided in Figure 1A and B. Most of 

the costs were generated during T0-T1. Total costs of patients with positive culture outcomes 

were considerably higher at each measurement than costs of patients with negative culture 

outcomes in both the primary and revision group. 

Longitudinal analyses of costs were conducted by means of mixed model methodology, 

results are presented in Table IV. In the primary group, there was no significant effect of 

culture results on total costs. However, the effect of time was significant, costs during the 

initial measurement period (T0-T1) were substantially higher than costs during later 

measurements (T1-T2 and T2-T3). In the revision group a significant effect of culture results 

was found, patients with positive culture outcomes generated significantly higher costs than 

patients with negative culture outcomes. Furthermore, the effect of time was significant as 

well. The interaction between culture and time approached statistical significance in the 

revision group; there are indications that total costs of patients with positive culture outcomes 

demonstrate a different pattern over time than costs of patients with negative culture outcomes.  

 
 



 

 

101 

Table IV. Cost analysis; ANOVA (ANalysis Of VAriance between groups) table for the mixed effect analyses. 
 

Outcome measure with modeleffects Siginifance  
(p) 

Total costs primary group  
Culture 0.45 
Time <0.001 
Culture * Time 0.77 

Total costs revision group  
Culture <0.01 
Time <0.001 
Culture * Time 0.05 

Mixed effect analyses included a random effect of subject. Analyses  
were conducted after log transformation of the cost data.  
 
 
 
 
 
 
A. Primary group 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B. Revision group 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Mean total costs during study (differentiated between positive en negative culture outcomes). 
 

0,000

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

T0-T1 T1-T2 T2-T3

C
os

ts
 (

€)

Positive culture

Negative culture

0,000

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

T0-T1 T1-T2 T2-T3

C
os

ts
 (

€)

Positive culture

Negative culture



 

 

102 

Sensitivity analyses 

The conducted sensitivity analyses consisted of varying the most influential types of 

costs, i.e. costs that amounted to at least 5% of total costs. The identified types of costs were 

costs related to surgery, implants and hospital and nursing home admissions. For the primary 

group, (household) informal care was also included in the sensitivity analyses, whereas 

productivity losses were included for the revision group. The variation consisted of increasing 

the identified cost types in one group with 20%, while at the same time decreasing costs with 

20% in the other group. The consequences for (differences in) total costs are presented in Table 

V. Mean costs of patients with positive culture outcomes were considerably higher for all the 

conducted sensitivity analyses, which was most evident for patients in the revision group.  

 

 

Table V. Sensitivity analyses: variation of influential cost types. 
 

PI group (N=50) RO group (N=35) 

 
Sensitivity analyses Positive 

culture  
Mean costs  

Negative 
culture  

Mean costs  

Difference in 
costs* 

Positive 
culture  

Mean costs 

Negative 
culture  

Mean costs  

Difference in 
costs* 

       

Standard analyses 22009 13107 8902 50578 23681 26897 

 
+20% positive culture, 
-20% negative culture 

 
25949 

 
10818 

 
15131 

 
59082 

 
19817 

 
39265 

 
-20% positive culture, 
+20% negative culture 

 
18068 

 
15396 

 
2673 

 
42073 

 
27545 

 
14528 

* Difference in mean total costs between patients with positive and negative culture outcomes 
 

 

Discussion  

 

This study focussed on the total costs of primary and revision arthroplasty in a tertiary 

care unit in The Netherlands. As far as we know, this is the first study that, besides the direct 

medical costs, also included the direct and indirect non-medical costs in the first 12 months 

after surgery in the calculations. Our results show that the mean total costs generated by 

patients undergoing surgery for primary hip or knee arthroplasty are €16,846, and the mean 

total costs of patients undergoing revision surgery are €41,356. 

The total amount of costs generated during the study was largely influenced by costs 

related to surgery, implants, hospital admission, and subsequent nursing home admission. 
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These results are in accordance with other studies, taking into account that they only included 

the direct medical costs.12;14-16 By far the most costs were generated during the first three 

months of the study (T0-T1). The costs for patients suffering from rheumatoid arthritis were 

twice as high as for patients without rheumatoid arthritis, in both the primary and the revision 

group. 

Intra-operative bacterial contamination is likely to be present in every operating theatre. 

However, scepticism about the importance of intra-operative contamination still remains. 

Although it is generally believed that every operating room is contaminated to some extent, it 

is not always clear whether this contamination is a risk for periprosthetic infection. We believe 

that every bacterium colonising a primary prosthesis, but not identified and eradicated, will 

likely infect the new prosthesis and put it at risk of failure. Previous studies of our group have 

pointed out that our methods of intra-operative culturing are significantly associated with 

postoperative infectious complications, including deep periprosthetic infection after primary 

arthroplasty and re-infection after revision surgery.19;24  

Besides the devastating effect a deep periprosthetic infection has on the patient, it is 

also associated with very high costs to the healthcare system. Although only two patients from 

the primary group developed a deep periprosthetic infection, our results show that when a 

primary prosthesis gets infected the costs increase more than three times. The mean costs for a 

septic revision were €52,750 (N=10), which also resembles the results of previously performed 

studies on this topic.15;18 Prevention of periprosthetic infection is therefore imperative, also 

from an economic point of view. In a previous study we proved that installing a new laminar 

air flow system and taking behavioural measures in the operating room, drastically decreased 

the percentage of intra-operative contamination from 33% to 5%.20 In another study we found 

that the percentage of periprosthetic infection after revision of an aseptically loosened 

prosthesis decreased from 39% in the operating theatre with conventional airflow to 14% in the 

new theatre with laminar airflow.24 Although installing the new airflow system in our two 

operating rooms involved high costs (€540,000), from the results of our studies it seems likely 

to be cost-effective as the incidence of postoperative infectious complications (including 

periprosthetic infection) are prevented from happening.  

In this study, differences in costs between patients with positive and negative culture 

outcomes were analysed. Total costs of patients with positive culture outcomes were 

considerably higher at each time of measurement in both the primary and revision group. 

Although power analyses were not based on economic outcomes we found that in the revision 
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group costs were significantly higher for patients with positive culture outcomes compared to 

those with negative outcomes. Treatment specifically aimed at these patients could 

subsequently lead to a decrease in periprosthetic infections and hence considerable cost 

savings. As described earlier, intra-operative culturing during primary arthroplasty can lead to 

early diagnosis compared with the current clinical practice, since current treatment modalities 

usually include culturing of wound discharge about five days after surgery prior to 

administration of antibiotics.19 Therewith, intra-operative culturing during revision arthroplasty 

can give early indications of infection, that may warrant antibiotic treatment before bacteria 

have settled on the implant surfaces in their mature biofilm state of growth. This will lead to a 

decrease in postoperative infectious complications and an associated decrease in medical and 

non-medical costs. As both culture methods do not lengthen operating time and are not 

expensive, the authors recommend that intra-operative cultures be routinely conducted during 

both primary and revision arthroplasty, both from an economic as well as a medical 

perspective.  

 

 

 

 



 

 

105 

References 
 

1. Elders MJ. The increasing impact of arthritis on public health. J Rheumatology Suppl 2000;60:6-8. 
2. Acheson RM, Collart AB. New Haven Survey of Joint Diseases: XVII. Relationship between some 

systemic characteristics and osteoarthrosis in a general population. Ann Rheum Dis 1975;34:379-387.  
3. Peyron JG. Osteoarthritis: The epidemiologic viewpoint. Clin Orthop Relat Res 1986;13:13-19.  
4. Simon LS.Osteoarthritis: a review. Clin Cornerstone 1999;2:26-37.  
5. March LM, Bachmeier CJ. Economics of osteoarthritis: a global perspective. Baillieres Clin Rheumatol 

1997;11:817-34  
6. National Center for Health Statistics. Current estimates from the National Health Interview Survey, 1988. 

Vital Health Stat 10 1989;1-250.   
7. Kelsey JL, Hochberg MC. Epidemiology of chronic musculoskeletal disorders. Am Rev Public Health 

1988;91:379-401. 
8. Felson DT. Epidemiology of Osteoarthritis: Prevalence and Risk Factors. Osteoarthritis Disorders, 

American Academy of Orthopaedic Surgeons, 1995. pagina’s 
9. MacLean CH, Knight K, Paulus H, Brook RH, Shekelle PG. Costs attributable to osteoarthritis. J 

Rheumatol 1998;25:2213-8.  
10. Iorio R, Healy WL, Richards JA. Comparison of the hospital cost of primary and revision total knee 

arthroplasty after cost containment. Orthopedics 1999;22:195-9.  
11. Saleh KJ, Wood KC, Gafni A, Gross AE. Immediate surgery versus waiting  list policy in revision total hip 

arthroplasty:  an economic evaluation.  J Arthroplasty 1997;12:1-10.  
12. Barrack RL. Economics of revision total hip arthroplasty. Clin Orthop Relat Res 1995;209-14. 
13. Barrack RL, Sawhney J, Hsu J, Cofield RH. Cost analysis of revision total hip arthroplasty. A 5-year 

follow-up study. Clin Orthop Relat Res 1999;175-8. 
14. Best JT. Revision total hip and total knee arthroplasty. Orthop Nurs 2005;24:174-9. 
15. Hebert CK, Williams RE, Levy RS, Barrack RL. Cost of treating an infected total knee replacement. Clin 

Orthop Relat Res 1996;140-5. 
16. Lavernia CJ, Drakeford NK, Tsao AK, Gittelsohn A, Krackow KA, Hungerford DS. Revision of primary 

hip and knee arthroplasty. A cost analysis. Clin Orthop Relat Res 1995;209-14. 
17. Okhuijssen SY, Dhert WJ, Faro LM, Keet JG, Schrijvers AJ, Verbout AJ. An estimate of the intramural 

costs of the placement of a total hip prosthesis. Ned Tijdschr Geneeskd 1998;142:1450-5.  
18. Sculco TP. The economic impact of infected joint arthroplasty. Orthopedics 1995;18:871-3. 
19. Knobben BAS, Engelsma Y, Neut D, van der Mei HC, Busscher HJ, van Horn JR. Intra-operative 

contamination influences wound discharge in orthopaedic implant surgery. Clin Orthop Relat Res 2006. 
20. Knobben BAS, van Horn JR, van der Mei HC, Busscher HJ. Evalutation of measures to decrease intra-

operative bacterial contamination in orthopaedic implant surgery. J Hosp Infect 2005;62(2):174-802.  
21. Neut D, van Horn JR, van Kooten TG, van der Mei HC, Busscher HJ. Detection of biomaterial-associated 

infections in orthopaedic joint implants. Clin Orthop Relat Res 2003;261-8. 
22. Koopmanschap MA, Rutten FFH, Van Ineveld BM, Van Roijen L. The friction cost method for measuring 

indirect costs of disease. J Health Econ 1995;14:171-89. 
23. Oostenbrink JB, Bouwmans CAM, Koopmanschap MA, Rutten FFH. Manual for cost studies, methods and 

standard prices for economic evaluation in health care. Amstelveen: Health Care Insurance Council, 2004. 
24. Knobben BAS, van der Mei HC, Busscher HJ, van Horn JR. Evaluation of intra-operative cultures in 

orthopedic implant loosening. J Bone Joint Surg (Br) 2006 (submitted). 
 



 

 

106 

 



 

 

107 

 
 

 



 

 

108 




