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Abstract 

All surgical procedures have the risk of microbial contamination. 
However, procedures in which prosthetic materials are involved 
carry a high risk for future infectious problems because of the 
protection offered by the biofilm mode of growth. Per-operative 
contamination studies have been conducted on involved 
surgical instruments, but whether these instruments transmit 
the contamination to the prosthesis or future site of the 
prosthesis can only be guessed. The aim of this study was to 
detect possible bacterial contamination in total hip arthroplasty 
through instruments that are used at the direct site of 
implantation during the primary procedure. Samples of the 
broaches used for preparing the acetabulum and femur, as well 
as samples of the reamed acetabular and femoral bone, were 
collected during 67 consecutive primary total hip arthroplasties 
in 67 patients. Broach samples were taken at the start and end 
of every reaming procedure. The total number of samples taken 
amounted to 402, of which 26 were found to be positive for 
micro-organisms. In 20 patients at least one of these positive 
samples had been in direct contact with the actual prosthesis 
site, indicating that at least 30% of the involved patients had a 
possible bacterial contamination when leaving the operating 
theatre. 
 

Introduction 

Microbial contamination is a potential hazard of all surgical 
procedures, which can result in septic complications. 
Procedures in which biomaterials are involved especially have a 
high risk for future infectious problems because of the 
protection offered by the biofilm mode of growth of the 
organisms on the prosthesis. The host defence is considerably 
compromised in the presence of a foreign material (Elek and 
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Conen 1957, Lidwell et al. 1983b, Zimmerli et al. 1982), and 
otherwise relatively low-virulent organisms, such as 
Staphylococcus epidermidis, become a common infecting 
organism in biomaterial-associated infection (Christensen et al. 
1989). Eventually, septic complications can force the surgeon 
to remove the implant.  
Per-operative contamination has for many years been 
considered the most common cause of biomaterial-associated 
infection (Ahlberg et al. 1978, Glynn and Sheehan 1983, Lidwell 
et al. 1983a). The operation wound and implant surface can be 
readily reached by micro-organisms through diffusion, active 
movement, or haematogenous transport (Baird et al. 1984, 
Ha’eri and Wiley 1980, Lidwell et al 1983). In addition, 
instruments can become contaminated by bacterial deposition 
from air or by skin contact and subsequently enter the wound 
through contaminated instruments (Christensen et al. 1989, 
McCue et al. 1981, Strange-Vognsen and Klareskov 1988). 
Strategies have been tried to diminish this by washing or 
storing instruments in a splash basin. This strategy 
unfortunately had an adverse effect (Baird et al. 1984). 
Consequently, it can be concluded that, despite the use of pre-
operative systemic antibiotic prophylactics, strict hygienic 
protocols, sterile operating theatres, and special sterile 
enclosure, prostheses inevitably become contaminated during 
surgery. Per-operative contamination studies have been 
conducted on involved surgical instruments, such as gloves 
(28.7%) (Davis et al. 1999, Sanders et al. 1990), light handles 
(14.5%) (Davis et al. 1999, Robinson et al. 1993), knives 
(9.4%) (Davis et al. 1999), and suction tips (11.4%) 
(Christensen et al. 1989, Greenough 1986). However, only 
gloves and to a lesser percentage also suction tips come in 
close contact with the actual prosthesis site or prosthesis itself. 
No studies have been performed to detect possible bacterial 
contamination of instruments that have had contact with the 
actual implant site such as broaches for preparing the 
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acetabular and femoral bone. Bacterial contamination of these 
instruments may likely be considered as a baseline for 
contamination in the operative field and micro-organisms 
involved.  
Therefore, the aim of this study was to detect possible per-
operative bacterial contamination in Total Hip Arthroplasty 
(THA) through instruments used at the direct site of the 
prosthesis during the primary procedure. 
 

Material and Methods 

In the period from July 2001 until December 2002 during 67 
consecutive primary THAs in 67 patients, samples of the 
broaches used for preparing the acetabulum and femur were 
collected, as well as samples of the reamed acetabular and 
femoral bone. Standard preoperative care consisted of painting 
the skin twice with iodine tincture (iodine 1% in alcohol 70%; 
Fresenius Kabi, 's-Hertogenbosch, The Netherlands) without 
scrubbing and antibiotic prophylaxis with 1000 mg Kefzol, 
cefazolin (Eli Lily Nederland BV, Houten, The Netherlands) 
given intravenously at the time of the induction of anaesthesia. 
All operations were performed under vertical laminar flow, 
impervious non-iodine impregnated skin drapes and the 
operating team wore disposable impervious drapes. A total of 
six samples were collected during every operative procedure 
(Table 1). Splash basins were not used during the procedure. 
At the time of the incision the smallest unused acetabular 
broach was sampled (Sample 1). After sampling, the acetabular 
reaming procedure was started with this particular broach. At 
the end of the acetabular reaming, a sample from the largest 
unused acetabular broach was taken (Sample 2). This broach 
was never used at the direct site of the prosthesis.  
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Table 1. Different broach samples and bone chips used for culturing in 67 
patients requiring an orthopaedic implant and the number of positive 
samples.  

Sample 
number 

Description Number of 
positive cultures 

Contact with 
prosthesis site 

1 Smallest unused 
acetabular broach 

6 Yes 

2 Largest unused 
acetabular broach 

2 No 

3 Smallest unused 
femoral broach 

2 Yes 

4 Largest unused femoral 
broach 

4 No 

5 Removed acetabular 
bone 

5 Yes 

6 Removed femoral bone 7 Yes 

Total positive samples 26  

 

Before starting the reaming procedure of the femur, a sample 
was taken from the smallest unused femoral broach (Sample 
3). After sampling, the femoral reaming procedure was started 
with this particular broach, and at the end of the femoral 
reaming, a sample was taken from the largest unused femoral 
broach (Sample 4). This broach was never used at the direct 
site of the prosthesis. All broach samples were taken with 
sterile swabs (COPAN, Italy). These swabs are delivered with a 
sterile tube containing an agar gel suitable for sterile transport 
of aerobic and anaerobic micro-organisms. Before sampling, the 
swabs were moisturized in a sterile 0.9% NaCl solution, and 
kept in a closed container. Acetabular (Sample 5) and femoral 
(Sample 6) bone removed during reaming were collected in a 
culturing medium and sent in for microbial evaluation. Trypton 
soya broth (TSB, Oxoid, Basingstoke, UK) was used for 
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collecting and culturing the bone removed by reaming. All 
samples were transported to the laboratory within 24 hours and 
the material swabbed from the broaches was cultured on 
enriched blood agar (BA) plates (+0.5% hemin and 0.1% 
menadione). All material was incubated at 37°C both aerobically 
and anaerobically for 7 days. When growth was present on 
either the BA plates or in the TSB containers, samples were 
taken for Gram-staining. Gram-positive cocci were subjected to 
a catalase and DNase test to identify coagulase-negative 
staphylococci (CNS) and Staphylococcus aureus.  
During the study, three sham culturing procedures during a 
comparable operation were performed at different times. In 3 
planned aseptic revisions of a THA the same culturing protocol 
as previously described was used. The sham culturing 
procedures differed from the original protocol in only two ways. 
First, after moisturizing swabs in the closed container 
containing a sterile 0.9% NaCl solution, the swabs were put in 
their sterile tubes and were sent in without sampling the 
broaches. Secondly, the TSB containers were opened and 
closed again without leaving retrieved material behind. 
 

Results 

The total number of direct samples taken in the field of 
operation amounted to 402. Of these samples only the ones 
numbered 1, 3, 5 and 6 where considered a possible source of 
direct contamination. Table 1 shows the samples taken that 
were found positive. 26 samples were contaminated with viable 
micro-organisms (6.5%). These positive samples were found in 
21 patients. In 20 patients at least one of these positive 
samples had been in direct contact with the actual prosthesis 
site (Sample Numbers 1, 3, 5 and 6); indicating that 20 of the 
67 patients involved (30%) had acquired contamination with a 
micro-organism of their future prosthesis site. No micro-
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organisms were cultured from any of the sham procedures, 
indicating no contamination during transport and handling in 
the laboratory. There was no clear evidence that samples taken 
in a later time during procedure showed a higher rate of 
contamination than the ones that were taken at the beginning 
of the procedure.   
A total of 26 samples contained 28 different microbial strains 
(Table 2), while by consequence 2 samples showed 2 different 
micro-organisms. Coagulase-negative staphylococci (CNS) were 
cultured 13 times, whereas S. aureus was determined twice. 
Rods were cultured 10 times, of which seven were Gram-
positive micro-organisms. Those micro-organisms that could 
not be classified as CNS, S. aureus or rods were left 
unidentified. This group consisted of two Gram-positive coccal 
strains and one fungal strain. The fungal strain was identified 
microscopically without specific culturing techniques. 

 

Table 2. The strains and species isolated from broach samples and bone 
chips used for culturing in 67 patients requiring an orthopaedic implant 

Micro-organism Number 

Coagulase-negative staphylococci 13 

Gram-positive rods 7 

Gram-negative rods 3 

Staphylococcus aureus 2 

Gram-positive cocci 2 

Fungus 1 

Total 28 



 

53 

  

Discussion 

The most common cause of biomaterial-associated infection in 
orthopaedics is thought to be per-operative contamination 
(Ahlberg et al. 1978, Glynn and Sheehan 1983, Lidwell et al. 
1983a). The operation wound and implant surface can be 
reached by micro-organisms through several ways. In the past, 
several per-operative contamination studies have been 
performed, all showing a variable percentage of contamination 
of several instruments (Christensen et al. 1989, Davis et al. 
1999, Greenough 1986, Sanders et al. 1990). A disadvantage 
in these studies is the fact that it is only postulated that 
contamination of these instruments will cause contamination of 
the prosthesis, while none of the instruments is actually in 
direct and close contact with the implantation site. This yields 
of course the potential of contamination, but it would be 
preferable to take cultures from the actual implantation site as 
well, as done in this study. This study investigated the possible 
contamination risk of primary THA directly through instruments 
used at the planned site of the prosthesis, including bone 
removed from the implantation site. 
Viable micro-organisms were cultured from instruments and 
material that had been in direct contact with the actual site of 
the prosthesis in 30% of patients involved in this study, which 
is comparable with 28.7% glove contamination in the recent 
study of Davis et al. (1999). This suggests that there is a close 
relationship between glove and implant site contamination. 
Possible bacterial contamination of the implant site is a direct 
threat to the implanted prosthesis. Gristina et al. (1987 and 
1988-1989) described the faith, i.e. success or failure, of a 
biomaterials implant in the human body as a “race for the 
surface” in which tissue integration competes with microbial 
adhesion. Consequently, 30% of the patients involved in this 
current study must be considered at risk when leaving the 
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operating theatre, because infecting micro-organisms were 
introduced before tissue integration could commence. 
In the study of Davis et al. (1999) as well as in the present 
study, CNS was found to be the main contaminating organism 
in 76% and 46% (13 out of 28) of the cases, for the study of 
Davis et al. (1999) and ours, respectively. It is interesting to 
dwell on the question whether this bacterial contamination of 
the implant site during surgery has clinical consequences. One 
problem in answering this question is that up to 1 year after 
microbial seeding, clinical signs of deep implant infections are 
being reported to appear (Maniloff et al. 1987). This long 
interval between inoculation of the bacteria and the onset of 
symptoms may have a variety of different causes that are 
difficult to distinguish from each other, of which low-virulence 
organisms introduced during insertion of the prosthesis is one. 
In this respect, also aseptic loosening of prostheses (Neut et al. 
2003) might be due to adhesion of low-virulence organisms. 
Likely, a considerable part of these infections is never 
recognized. 
In a recent study, primary arthroplasties of the hip and knee 
were found contaminated with bacteria during surgery, but no 
reflection of the contaminating strains was found at the time of 
revision (Davis et al. 1999). This could well be due to 
inadequate culturing methods impeding detection of low-grade 
infections by slowly growing biofilm organisms (Neut et al. 
2003, Phillips and Kattapuram 1983, Tunney et al. 1998 and 
1999). In this study, follow-up of the patient population 
revealed that in the non contaminated group, patients had no 
infectious complications within nearly two years after surgery. 2 
patients, contaminated per-operatively, had persisting 
complaints that, together with laboratory and skeletal 
scintigraphy findings, suggested a low grade infection. In both 
patients, S. aureus was found contaminating the broaches 
during surgery.  
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Summarizing, in the current study, 30% of the primary THAs 
were placed in a site contaminated with bacteria before the 
insertion of the prosthesis. We feel that this study provides a 
good baseline for bacterial contamination of the actual 
implantation site and that this early contamination might be 
indicative for the occurrence of prosthetic infection. Splash-
basins filled with a salt solution have hitherto not worked well 
to reduce instrument contamination, but possibly splash-basins 
filled with an antimicrobial solution like chlorhexidine might 
help to reduce the problem of per-operative bacterial 
contamination. 
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