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Introduction 

 

A current estimate of the rate of total hip replacement worldwide amounts 

approximately one million per year, with over 250,000 knee replacements.1 This number is 

expected to double between 1999 and 2025 as a result of an ageing society and because hip and 

knee arthroplasties are implanted at an increasingly early age.2 One of the major complications 

in hip and knee arthroplasty is infection. Infection percentages total to about 1-2% for hip 

implants and 2-4% for knee implants.3-6 Once such a periprosthetic infection exists, it is 

associated with a substantial increase in morbidity, which increases hospital admittance time 

and hence adds significant costs to the health care system. Treating an infected prosthesis can 

cost up to $ 80,000, 4.1 times the costs for a primary prosthesis, and periprosthetic infections 

prolong total hospital stay by more than 6 weeks.7 Moreover, patients with postoperative 

orthopaedic infections have substantially greater physical limitations and significant reductions 

in their health-related quality of life.8;9 

The presence of a superficial wound infection has been identified as a significant risk 

factor for development of periprosthetic infection, but the exact extent of the risk is 

unknown.10-13 Postoperative superficial wound infections occur far more often than 

periprosthetic infection and reportedly occur in 1.2% to 17.3% of all cases.10;14-16 The 

discrepancy in percentages is in part due to the use of definitions. There are two commonly 

used definitions of superficial wound infection. The Surgical Infection Study Group defines 

superficial wound infection solely on the basis of clinical observations without microbiological 

confirmation.17 The Center for Disease Control and Prevention requires microbiological 

confirmation before the diagnosis “superficial wound infection” is made.18 Both groups further 

state that drain sites should be included and that there should be purulent discharge or a painful 

spreading erythema. Despite these definitions diagnosing a superficial wound infection, based 

on the assessment of the individual surgeon, is subject to serious personal variations and as 

such must be considered to be unreliable.19 Therefore, it has been suggested to monitor the 

duration of wound discharge, taking 5 days as a cut-off point. Patients with wound discharge of 

5 days or longer were reported to have 12.7 times a higher risk of getting late periprosthetic 

infection compared to patients with a shorter wound discharge.20 

Intra-operative contamination is common in every operating room.21;22 The main 

sources for intra-operative contamination are the skin of the patient and airborne particles from 

theatre personnel.23;24 In 1982, Whyte et al. suggested bacterial contamination of the wound in 
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the operating room occurs 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.25  

We asked whether bacterial contamination of the instruments used and of removed 

bone during primary insertion of hip prostheses can predict the occurrence of prolonged wound 

discharge. First, we developed a logistic regression model to investigate the unbiased 

association between intra-operative culturing and prolonged wound discharge. Secondly, it was 

investigated what combination of intra-operative cultures were the most predictive. Finally, it 

was calculated how often periprosthetic infection occurred depending on the occurrence of 

intra-operative contamination and prolonged wound discharge. 

 

 

Materials and methods 

 

Patients 

We prospectively analyzed primary hip arthroplasties in the period from August 2001 

to August 2003 in the University of Groningen Medical Center, Groningen, The Netherlands 

with written permission of the hospital Ethical Committee. In order to obtain a representative 

sample over the predefined inclusion period of two year (thus minimizing periodic effects), we 

used a list of random numbers, generated by computer, which determined whether the protocol 

would or would not be used for the particular patient. A restriction to the amount of patients 

was applied 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 decided to include 100 

patients since we observed approximately one-third of our patients to have prolonged wound 

leakage, which would allow us to use 5 covariates in multivariate modeling (which was 

arbitrarily judged to be desirable) without great risk of overfitting.  

All 100 patients included received antimicrobial prophylaxis (cefazoline, 1000 mg 

intravenously) twenty minutes before the operation and postoperative anticoagulation 

(nadroparine, 0.3 mL subcutaneously combined with acenocoumarol orally). 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. General pre-operative parameters, believed to influence postoperative 
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wound discharge, were collected; these included age and gender, the existence of any 

immunocompromising disease (i.e. rheumatoid arthritis) or diabetes, and body mass index. 

Intra-operatively, blood loss more than 400 mL, operating time exceeding 100 minutes and the 

use of cement (Simplex without antibiotics, Stryker Orthopaedics, Mahwah, New Jersey) were 

also recorded. The total group consisted of 33 males and 67 females, with a mean age of 61.3 

years (28-87, standard deviation 12.8). 13/100 patients suffered from rheumatoid arthritis and 

4/100 had diabetes. The mean body mass index of the entire group was 27.0 (18.5-37.2, 

standard deviation 3.7). The mean operating time was 106 minutes (50-180 minutes, standard 

deviation 24.8), and in 48 (48%) the duration was more than 100 min. The mean amount of 

blood loss was 424 mL (40-2000 mL, standard deviation 269) and exceeded 400 mL in 56 

(56%) of the cases. Cement was used in 54 of the 100 (54%) cases. 

 

Culture technique 

Intra-operatively, samples were being taken at different stages of the procedure, two 

from the instruments used, two from the instruments not used and two from removed bone. The 

first sample (culture 1) represents the swab of the smallest unused acetabular broach. After 

sampling the reaming procedure was started with this broach. The second sample (culture 2) 

represents the swab of the largest unused acetabular broach after the reaming procedure. This 

broach was never used at the direct site of the prosthesis. The third sample (culture 3) 

represents the swab of the smallest unused femoral broach. After sampling the reaming 

procedure was started with this broach. The fourth sample (culture 4) represents the swab of 

the largest unused femoral broach after the reaming procedure. This broach was never used at 

the direct site of the prosthesis.  

Removed bone chips were sampled for contamination as well. Culture I represents the 

acetabulum, culture II represents the femur. During all procedures, a clean swab was shortly 

taken out of the charcoal medium in the operating room after which it was immediately put 

back, in order to make sure no contamination occurred during transport and culturing of the 

samples.  

The cotton swabs (cultures 1-4 and the control swab) were transported in a transport 

medium called Transwab, Charcoal medium (Medical Wire & Equipment Co, Bath, United 

Kingdom). Removed bone material (cultures I-II) was put into sterile cups filled with Tryptone 

Soya Broth (TSB, Oxoid, United Kingdom). Within 2 to 4 hours after sampling, the cotton 

swabs (1-4) were smeared over blood agar and incubated, together with the cups containing 
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bone cultures denoted I and II, for 7 days at 37ºC, both aerobically and anaerobically. After 7 

days the content of the cups was also smeared over blood agar and again incubated for 5 days. 

Instrumentation or bone material was considered contaminated, when bacterial growth was 

observed, regardless of the amount of growth. The control swab was negative at all times. The 

study was performed blind, without informing the orthopaedic surgeon on the test result, in 

order to ensure that all patients were treated regardless of the evaluation.  

 

Postoperative wound discharge 

Wound discharge was recorded postoperatively by a specialized nurse from the local 

hospital infection committee, monitoring both the wound and the drain site, while taking the 

fifth day after surgery as the cut-off point. Patients with a leakage time of five days or more 

formed the case group. Patients with a wound and drain site that closed within four days after 

surgery served as the control group.  Postoperatively, the drain was removed after two days in 

all patients. The mean duration of wound discharge was 4.2 days (1-28, standard deviation 3.5 

days). In 28/100 cases (28%) the wound discharge extended to 5 days or longer, while in all 

other cases the wound and drain site had closed within 4 days.  

 

Periprosthetic infection 

To determine whether periprosthetic infection occurred in patients with and without 

intra-operative contamination and prolonged wound discharge, patients were followed-up at 

standard postoperative controls at 6 weeks, 3 months, 6 months, 1 year and 2 years after index 

surgery, or if a patient came to the emergency room. At follow-up patients symptoms along 

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

evaluated. A prosthesis was considered infected in case of an increase of infection parameters 

caused by the prosthesis site, as substantiated by culturing of aspirated joint fluid and/or 

culturing during revision of the prosthesis.  

 

Statistical analysis 

To assess the associations between the different variables and prolonged wound 

discharge, we performed univariate analyses. A Student t-test was used for independent 

samples for the continuous variable body mass index, while the Pearson Chi square test was 

used for all categorical variables when all cells of the contingency table contained at least 5 

persons. Otherwise the Fisher’s exact test was used. Comparisons were made between the 
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group with and without prolonged wound discharge. The initial model was based on the results 

of the univariate analysis and covariates which were clinically judged to be possible 

confounders. Subsequently, a parsimonious model was created by deletion of the most poorly 

associated covariates. The odds ratios (OR) were transformed to relative risks (RR) with the 

following formula:  

 

RR = OR/((1-Prev)+(Prev x OR)) 

 

Prev meaning prevalence of the risk factor.26 The associations between the different types of 

cultures and periprosthetic infection were investigated with the Pearson Chi square or Fisher’s 

exact test. Additionally, the positive predictive values were calculated. The same was done to 

investigate the associations between intra-operative contamination, prolonged wound discharge 

and periprosthetic infection. All statistical procedures were performed with use of the software 

package SPSS version 12.0 (SPSS, Chicago, Illinois). 

 

 

Results 

 

The univariate analysis indicated that age, rheumatoid arthritis, use of cement, 

increased blood loss and a positive intra-operative culture were associated with (p < 0.05) 

prolonged wound discharge (Table I). These parameters were entered in the logistic regression 

model, showing that only rheumatoid arthritis, increased blood loss and a positive intra-

operative culture remained as significant factors (step 1 in Table I).  

Because the p value of the variable “age” was larger than the p value of the variable 

“cement”, it was decided to delete the variable “age” from the model. This resulted in the 

variable “cement” now also being a significant factor. The RR of intra-operative bacterial 

contamination was estimated to be 6.4. The RR of rheumatoid arthritis is 6.4, of the use of 

cement 1.6, and of increased blood loss 1.5.  
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Table I.  Preoperative and intra-operative risk factors for prolonged wound discharge in patients after primary 

total hip arthroplasty. Univariate analysis shows candidate variables for prolonged wound discharge (p < 0.05), 

and subsequently the logistic regression model shows the significant variables after deletion of the most poorly 

associated covariates in two steps. The relative risks (RR) were obtained from the odds ratios.   

  
Parameters Wound Discharge Univariate 

Analysis 
Logistic Regression  

Model 

 
 ≥ 5 days 
(n = 28) 

< 5 days 
(n = 72) 

p value 
Step 1 
p value 

Step 2 
p value 

RR 

Preoperative parameters       
- Gender (women) 22 (79%) 45 (63%) 0.125    
- Age (> 60 years) 22 (79%) 34 (47%) 0.005 0.581   
- Rheumatoid arthritis 9 (32%) 4 (6%) 0.001* 0.001 0.001 6.4 
- Diabetes mellitus 1 (4%) 3 (4%) 1*    
- Body mass index (mean ± SD) 26.6 (± 3.8) 27.9 (± 3.6) 0.118†    

Intra-operative parameters       
- Cement 22 (79%) 32 (44%) 0.002 0.352 0.005 1.6 
- Blood loss (> 400 mL) 21 (75%) 35 (49%) 0.017 0.036 0.035 1.5 
- Operating time (> 100 minutes) 16 (57%) 32 (44%) 0.254    
- Intraoperative contamination 20 (71%) 16 (22%) 0 0 0 2.5 

SD = standard deviation; RR = relative risk; *Fisher’s exact test; †Student’s two tailed t test 
 

 

 The positive predictive values of the instrument swabs for predicting prolonged wound 

discharge are fairly low (17-67%), while the positive predictive values for the bone chip 

cultures are much higher (81-90%). The association between positive bone chip cultures and 

the occurrence of prolonged wound discharge is significant (Table II). In the group, where 

bacterial contamination was demonstrated, chances to develop wound discharge are 56% 

(PPV), while in the absence of bacterial contamination of instruments and bone, the chances to 

not develop prolonged wound discharge are 87%. Bacterial growth was demonstrated in at 

least one of the intra-operative cultures in 36/100 cases (36%). In one patient, four cultures 

were positive, in 11 cases two were positive and in 24 cases one culture was positive.  

 

 

Table II. The description of intraoperative swabs and bone chips and their positive predictive value (PPV) for the 
occurrence of prolonged wound discharge. The Pearson chi square test was used to calculate the significance of 
the association (the Fisher’s exact test was used if one of the cells of the contingency table contained less than 5 
persons). 
 

Sample Description PPV (%) Chi square test 

Instrument swab 1 
Instrument swab 2 
Instrument swab 3 
Instrument swab 4 

Of smallest acetabulum broach before reaming 
Of unused acetabulum broach after reaming  
Of smallest femur broach before reaming 
Of unused femur broach after reaming 

30 
67 
60 
17 

1.000* 
0.189* 
0.132* 
1.000* 

Bone chips I 
Bone chips II 

Removed acetabular bone chips  
Removed femoral bone chips  

90 
81 

0.000* 
0.000* 

Total One or more of the cultures showed growth 56 0.000 

* Fisher’s exact test 
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The association between intra-operative contamination and the occurrence of a 

periprosthetic infection is highly significant (0.008), as is the association between prolonged 

wound discharge and periprosthetic infection (0.002). The PPV of both intra-operative 

contamination and prolonged wound discharge for the occurrence of periprosthetic infection is 

25%, while its NPV is 98% (p = 0.003), as can be seen in Table III. 

 

 

Table III. The incidence of periprosthetic infection if intra-operative contamination and/or prolonged wound 
discharge are present. The positive and negative predictive value (PPV and NPV, respectively) and the p value of 
the Fisher’s exact test are shown.  
 

Variable PPV    (%) NPV    (%) Fisher’s Exact Test 

Intra-operative contamination 
Prolonged wound discharge 
Both 

14 
21 
25 

98 
99 
98 

0.008 
0.002 
0.003 

 

  

Periprosthetic infection occurred in six of the 36 cases where intra-operative 

contamination was measured. In 20 of the 36 patients with intra-operative contamination, 

prolonged wound discharge was monitored in the postoperative period. Five of these 20 

patients subsequently developed periprosthetic infection (Figure 1).  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. A diagram shows the numbers of patients with intraoperative contamination,  
postoperative prolonged wound discharge, and periprosthetic infection after primary  
hip replacement. 
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One of them, the patient with four positive cultures, developed a periprosthetic 

infection within one month after the primary surgery. Of the other 16 patients with intra-

operative contamination in the absence of prolonged wound discharge, one patient developed 

an infection. In the group of 64 hips without intra-operative contamination, only one hip 

(1.6%) became infected and in this patient prolonged wound discharge was monitored in the 

postoperative period. In the 56 patients without both intra-operative contamination and 

prolonged wound discharge, periprosthetic infection was never diagnosed during the first two 

years of follow-up.  

 

 

Discussion 

 

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.27-31 The relations between prolonged wound discharge and 

postoperative wound infection and between postoperative wound infection and periprosthetic 

infection were already found.10;32-34 This study describes significant associations between intra-

operative contamination of the operating site itself (instruments used and bone chips), the 

occurrence of prolonged wound discharge and the development of periprosthetic infection. To 

our knowledge this study is the first to provide evidence for the association between intra-

operative contamination and prolonged period of postoperative wound discharge, with a 

positive predicting value going up to 80 to 90%.  

Although in this study, we associate prolonged wound-discharge with intra-operative 

contamination, strictly speaking it remains uncertain whether a discharging wound is infected 

during surgery or in the post-operative period, or just discharging because of a limited ability 

of the local skin tissue to heal, the latter creating a risk for cross-infection. As another possible 

limitation, out of all possibilities to sample an operating room,35-38 we choose to take swabs 

from the used set of instruments and collected bone chips, as these are most likely to represent 

possible contamination of the wound itself as confirmed in our study. Also the selection or 

removal of covariates in our model deserves some further debate, as this does not imply that 

covariates are (un)important from an etiological or causal point of view. “Age” was deleted, 

despite being clinically important, because of the strong correlation between “age” and “the 

use of cement” in this series of patients and despite the fact that “the use of cement” increases 
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the immunocompromising zone surrounding prostheses or further decreases the immune 

system in general.39 Since “age” in itself is not as directly linked to infection risk as “the use 

of cement”, “age” as a covariate was removed from the model. Covariates which were 

confounders of other relations in this dataset were not deleted from the model.  

Binary logistic regression also showed that rheumatoid arthritis, the amount of intra-

operative blood loss and the use of cement are significant predictors for prolonged wound 

discharge after hip prosthetic surgery. Rheumatoid arthritis5 and extensive intra-operative 

blood loss40 have been described before as risk factors for postoperative wound infection and 

periprosthetic infection, as found here. In addition to age, our model also demonstrates that 

body mass index and operating time drop out as risk factors for prolonged wound discharge, 

when accounting for the multifactorial nature of wound discharge. Operating time did not 

predict prolonged wound discharge, although in the literature, this parameter often is 

considered a risk factor for wound infection.5;41-44  

The identification of cement as a risk factor in our study might have excluded operating 

time as a risk factor, because these factors are interrelated (just like age and cement) and our 

study takes into account this multifactorial nature. Inserting an uncemented prosthesis requires 

less time than needed for a cemented prosthesis, decreasing exposure to airborne bacteria in the 

operating room. It could be hypothesized that the use of cement alone is a more important risk 

factor than the increase in operating time. Similarly, because the patients with a high body 

mass index were the ones suffering from rheumatoid arthritis and the ones receiving a 

cemented prosthesis, body mass index dropped out as a risk factor too.  

Prolonged wound discharge is important, because it can be a risk factor on its own, as 

well as a potential marker for periprosthetic infection. If prolonged wound discharge is 

monitored together with intra-operative bacterial contamination as measured in this study, a 

periprosthetic infection is likely to occur (Figure 2). Alternatively, if prolonged wound 

discharge is monitored in the absence of intra-operative bacterial contamination, it is important 

to identify whether one of the other risk factors for prolonged wound discharge exist. In this 

group, prolonged wound discharge in patients suffering from rheumatoid arthritis, with a 

cemented prosthesis or with more than normal blood loss, does not require immediate 

additional antibiotic therapy. In this study no periprosthetic infection occurred when both 

prolonged wound discharge and intra-operative contamination were absent (N=56).  

Since current treatment modalities usually include culturing of wound discharge on the 

fifth day postoperatively, prior to administration of antibiotics, the authors recommend that 
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intra-operative cultures be routinely conducted to yield an indication on whether it is 

appropriate to initiate immediate antibiotic treatment after prolonged wound discharge, without 

waiting for culture results of the wound. 
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