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Introduction 

There are many factors affecting a patient’s risk for infection 
during surgical procedures and even the tiniest effort to 
minimize postoperative infections and subsequent suffering of 
the patients involved can be important to reduce Surgical Site 
Infection (SSI). Unacceptably high infection scores on our 
orthopaedic ward prompted us to investigate possible causes 
and to evaluate contamination problems in total joint 
replacement surgery and ascertain possible causes of these 
high infection rates. The aim of this thesis was to investigate 
the reasons for diagnostic problems in a University Hospital 
setting in total joint prostheses suspected of infection. 
Diagnostic problems are analyzed during the work up for 
revision surgery as well as during the peri-operative hospital 
stay after primary hip replacement. A possible method of 
preventing clinical signs of infection of a percutaneous 
orthopaedic implant, which is even more susceptible to 
infection than totally internal implants, was investigated in an 
animal model. 
Surprisingly during the course of this research, we found a clear 
change in attitude among all those involved in patient care at 
different levels towards pre-operative and peri-operative 
attitude in biomaterial-associated infection problems. 
The basis of this change of attitude is thought to be the 
“Hawthorne effect” (See Highlight). In several fields of science 
worldwide it can be seen that research is a valuable tool to 
create greater awareness and stimulate changes in a broader 
society than solely those involved with research. For instance, 
dental health in Japan is far behind compared to Western-
Europe and the United States, where the pathway toward 
improvement has been established in the past and the general 
public knows the value of preventive measures (Kawamura and 
Iwamoto 1999). Yet, in order to implement the use of such 
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preventive programs elsewhere, research has to be conducted 
at universities and industries to create an awareness of the 
problems and its solutions among researchers, professionals 
and finally the general public in order to facilitate real changes.  

They Call it the Hawthorne Effect 

 
In the 1930's some studies were held at the Western Electric production facility 
outside Chicago in a place called Hawthorne. The intent of the study was simple 
enough: invite a handful of employees to participate in various working 
condition tests to determine which conditions were most conducive to increased 
production. Those conditions that "tested" best were then to be rolled out to the 
general production floor. One of things they tested was brighter lights. 
Production went up. Then they tested dimmer lights. Production went up. In 
fact, no matter what they tested, production went up! 
By singling out a small group of employees to participate in an exclusive trial, 
participants felt valued, special and important. The special attention they 
received gratified their ego and created a positive emotional bond with what 
they were trialling. The practical upshot was that the research trials effectively 
transformed the research participants into advocates for whatever it was they 
were trialling. 
 
 
This is despite the fact that the outcome of the research is 
known in a sense (Hugoson et al. 2005, Okawa et al. 1992). 
The virtues of such an approach toward decreasing the infection 
scores at our orthopaedic ward became clear from the on-set of 
the study described in Chapter 3. During this study, data were 
collected concerning per-operative contamination of 
instruments used during total hip and knee arthroplasties. In 
the early parts of the study, surgeons frequently inquired “how 
did I do” and they were proud when their instruments were not 
contaminated during surgery. Soon, it was noticed that after a 
surgeon had received bad news once or twice about his or her 
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performance, per-operative contamination of his or her 
instrumentation disappeared. As soon as we noticed this, we 
stopped giving feedback to the surgeons about their 
performance (and the previously observed pattern of peri-
operative contamination re-appeared). However, this incident 
clearly shows how research can stimulate behavioural changes 
in the right direction.  
In the remainder of this general discussion, we will discuss the 
off-spring in terms of changes brought about in the treatment 
of patients by the research conducted at UMCG in collaboration 
between the departments of Orthopaedic Surgery and 
BioMedical Engineering, University Medical Center Groningen, 
Groningen, where the control of biomaterial-related infections is 
a topic area, on infection in orthopaedics in general, and 
subsequently we will focus on changes established in diagnostic 
methods and peri-operative attitude. 
The most important clinical implication of the thesis of Dr. 
Hilbrand van de Belt (2001) was the realisation that micro-
organisms in septic complications after total joint arthroplasty 
can survive treatment even when antibiotic-loaded bone 
cement is used as a therapeutic means. 
Because of the lack of adequate control of the release of 
antibiotics from bone cement that might contribute to the 
development of antibiotic resistance among the infecting 
organisms, we postponed the use of antibiotic-loaded bone 
cement in primary total joint arthroplasties at that time until 
more evidence became available that would support its use in 
primary total joint arthroplasty next to its use in revision 
surgery. 
Scientifically, this thesis formed the start of extensive implant 
retrieval studies. These retrieval studies formed the base of our 
knowledge of biomaterial-associated infections, as currently 
existing in our Orthopaedic department. 
After the thesis of Dr. Danielle Neut (2003), we realised that 
the standard hospital culturing regime was too short for 
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adequate diagnosis. As a result of this thesis, and in close 
communication with the hospital Microbiology Department, the 
culturing time of implant related infections was prolonged to 3 
weeks. A specific protocol concerning the number and way of 
tissue cultures to be taken was introduced (Atkins et al. 1998). 
The use of swabs was discarded and at least five tissue samples 
were taken from the periprosthetic tissue.  
The thesis from Dr. Hans Hendriks (2003) showed that the 
initial burst release of antibiotics from antibiotic loaded bone 
cement is caused by the dissolution of antibiotic particles that 
are readily available on the surface of the bone cement. The 
long-term release appeared to be the result of the water very 
slowly entering the polymer matrix and carrying the antibiotic 
to the surface. This release of antibiotics (gentamycin) could be 
enhanced by the application of ultra-sound, possibly by micro-
streaming or localized temperature rise. 
These data together with the data published in the Swedish and 
Norwegian Hip Register (Havelin et al. 2000, Malchau et al. 
2002), yielded the decision to also use antibiotic-loaded bone 
cement for primary total joint arthroplasties.  
The results of the thesis of Dr. Arnout van der Borden (2005) is 
still part of ongoing research on preventing and/or curing 
infection of percutaneous metal implants through the 
application of small electric currents. He showed that small 
electric currents ranging from 15 to 125 μA stimulated various 
staphylococcal species to detach from stainless steel. In a pilot 
in vivo study, it turned out to be possible to prevent and treat 
infection on percutaneous pins in the tibia of goats.  
The results of the thesis of Dr. Geert Ensing (2006) showed 
that in in vitro experiments, the release of gentamycin from 
gentamycin-loaded beads could be significantly enhanced by 
the application of ultra-sound. Moreover, organisms were found 
to be more susceptible to antibiotics during application of ultra-
sound. This enhanced antibiotic release and efficacy was 
confirmed in in vivo experiments in animals. The results of 
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these animal experiments have promising additional value in 
possible clinical situations, e.g. by using ultrasound in 
conjunction with gentamicin beads in two-stage revision 
surgery in septically failed arthroplasties.  
Although this thesis not yet has had a direct visible clinical 
impact, it has stimulated creative thinking among all those 
involved in patient care on how to perform “better”. 
The thesis of Dr. Bas Knobben (2006) clearly underlines the 
importance of strict behavioural- and systemic measures in 
decreasing intra-operative bacterial contamination. An intra-
operative bacterial contamination decrease from 34% to 9% 
was found in his study after re-introducing behavioural 
measures and installation of an improved laminar flow system 
in our Operating Room (OR). In his study on intra-operative 
contamination, he found a significant association between this 
contamination and prolonged wound discharge. 
The impact of this thesis on diagnosing biomaterial-associated 
infection at the orthopaedic ward-UMCG became clear to us  
during our retrieval study. It was noted that in the beginning of 
the study several loosened total joint prostheses were deemed 
to be aseptically loosened, while in our research laboratory 
viable micro-organism were cultured in 60% of the cases. 
These findings were shared with the surgeons in the early parts 
of the study and during the course of the study, without explicit 
changes in the OR settings, the number of retrieved truly a-
septically loosened prostheses inclined. We strongly believe this 
phenomenon can be explained by the “Hawthorne-effect” as 
well. By giving feedback of the study results surgeons involved 
became more aware of the importance of their pre-operative 
workup in revision arthroplasty surgery and optimized their 
attitude. This positive change is reflected in the following 
analysis of the pre-operative workup of one-stage aseptically 
loosened Total Hip Arthroplasties (THA) in two separate 
periods, June 1999 to May 2001 (old situation) and October 
2003 to January 2005 (new situation)  
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Pre-operative workup (old situation) 

Considering the workup for the revision procedure pre-
operative Erythrocyte Sedimentation Rate (ESR) and C-reactive 
protein (CRP) levels were determined. In Group I the mean 
pre-operative value of Erythrocyte Sedimentation Rate (ESR) 
was 17 mm/h (1-51) and the mean pre-operative C-reactive 
protein (CRP) level was 7 mg/l (3-24).  In 12 out of 20 patients 
these serum levels were tested. 
In group I, 99Technetium bone scanning as workup was 
performed in 4 out of 20 cases. In only one case, 111Indium 
leukocyte scanning was additionally performed. 
 

Pre-operative workup (new situation) 

The mean pre-operative value of ESR was 8 mm/h (2-22) and 
the mean pre-operative CRP level was 6 mg/l (3-16).  In 14 out 
of 15 patients these serum levels were tested. 
99Technetium bone scanning as workup was performed in 8 out 
of 15 cases. 111Indium leukocyte scanning was additionally 
performed in 2 cases. 
This change in pre-operative workup shows that through 
research performed on presumed aseptical loosening of total 
joint prostheses, the index of suspicion of the treating surgeons 
shifted towards an attitude that loosening is low-grade septic 
unless proven otherwise. 
Of course the diagnosis of periprosthetic infection is hampered 
by the low metabolism of the organisms involved. Even more 
sophisticated diagnostic tools as 18FDG-Positron Emission 
Tomography, although promising as has been shown in Chapter 
5, have not yet given us the 100% sensitivity and specificity 
one would hope for.  
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Despite the apparent distinction between the two ways of 
loosening of a joint prosthesis much debate remains to what 
extent aseptic loosening is truly aseptic. The fact that there is 
no current consensus in the orthopaedic surgery or infectious 
diseases communities, as to what constitutes definitive 
evidence of prosthetic joint infection, makes the distinction 
between aseptic and septic loosening not easy. Unfortunately, 
the main symptom of both aetiologies, joint prosthesis 
dysfunction, is similar.  
Accurate diagnosis requires the use of a combination of tests 
and a strong clinical suspicion. The use of more sensitive tests 
in an attempt to identify every clinically important micro-
organism on the prosthesis or in peri-prosthetic tissue will 
increase the number of unnecessary two-stage revision 
procedures because of the presence of necrotic bacteria or 
contaminants (Mariani et al. 1996, Tunney et al. 1999). 
Possibly the potential clinical importance of endotoxins in 
aseptic loosening (Akisue et al. 2002, Bi et al. 2001, Ragab et 
al. 1999) and/or periprosthetic infection is an explanation of 
this transition zone between these aetiologies, but requires 
further study. 
Until this time, the high index of suspicion of the treating 
orthopaedic surgeon stays of paramount importance. This 
suspicion however, needs to be discussed in close 
communication between the surgeon, the microbiologist and 
pathologist to couple the different test results to the 
appropriate clinical setting.  
The impact of this thesis on the peri-operative behaviour in 
biomaterial-associated surgery in relation to infection at the 
orthopaedic ward-UMCG became clear during our study on 
timing of debridement. In case of persisting drainage after 
primary total joint prosthesis, we realized that in large 
academic centres, the medical personnel is formed by a 
constantly changing population with various levels of 
experience and knowledge. This makes a proper judgement on 



134 

some clinical decisions difficult and the decisions taken tend to 
be on an ad hoc basis. In order to maintain high levels of 
knowledge and experience, a protocolled approach turned out 
to result in improved clinical practice. A protocolled approach 
could be applicable in various other areas of clinical decision 
making as well. 
Of course it is not realistic to relate every positive change in the 
peri-operative behaviour on our ward solely to this thesis. One 
major factor contributing to the improved situation must also 
be attributed to the infectious complication registration in 1996, 
as part of a larger project called PREZIES (“PREventie 
ZIEkenhuisinfecties door Surveillance”), in translation 
“Prevention of Hospital infections by Surveillance”. This project 
develops implements and exploits a surveillance system for 
hospital infections. It was further developed into the “CHIPS”-
project (CHIrurgische Profylaxe en Surveillance), in translation 
“Surgical Prophylaxis and Surveillance”, and the “Doorbraak” or 
”Breakthrough”-project. The CHIPS-project is an intervention 
study on the quality and efficacy in the use of antimicrobial 
means in surgical prophylaxis in hospitals in the Netherlands. 
The “Doorbraak”-project has started in May 2003 and aims at 
updating pre-, peri- and post-operative procedures to minimize 
SSI. 
In this project several events in the chain of possible 
contamination of total joint prostheses during the peri-
operative phase have been studied and adapted to modern 
standards. Examples of these events are; the number of people 
present during total joint surgery, the number of OR door-
movements when total joint surgery is performed, the timing of 
administration of antibiotic prophylaxis. After evaluating this 
project over the time period of October 2003 until January 
2005, the results were published in July 2006 (PREZIES 
registration, UMCG 2006). These results show that the total 
number of SSI in total joint surgery had decreased from 9.5% 
(September 2001- October 2003) to a preliminary percentage 
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of 2.4 for 2005 (Chi2 p<0.005, although not all patients had 
been followed for one year at the time of printing). For deep 
SSI this percentage decreased from 4.9 to 2.1 respectively.  
One should take into account as well the fact that the morbidity 
of the patient population differs in a University Hospital from 
the one in non-academic hospitals. Recent research in our 
University Hospital confirms this fact (Manuscript accepted, 
pending revision). Accounting for this co-morbidity into the 
expected infection percentages for the period of October 2003 
until January 2005 for Total Hip surgery, one would expect an 
infection percentage of 3.9%. The registered percentage was 
2.9%. 
Concerning the prevention and cure of infections of 
percutaneous orthopaedic implants, we conducted an animal 
study based on the results of the pilot study of Dr. van der 
Borden. In this study it turned out to be possible to prevent and 
treat infection of percutaneous orthopaedic implants in the tibia 
of goats. Because of the promising results in these animal 
experiments (Chapter 6), human studies will be set up in the 
near future. Further research towards preventing and treating 
infections in totally implanted orthopaedic implants as Total Hip 
Arthroplasties or Total Knee Arthroplasties are possibilities that 
have to be further investigated. 
 

Summary and conclusions 

The concluding question to be addressed here is: “Has our 
clinical practice towards the care for patients with total joint 
prostheses benefited from the research described here?” 
Considering the changes that have been achieved during the 
course of this study, the answer has to be a definitive “YES!!!” 
Our clinical care for patients with a total joint prosthesis with 
regard to infection has become more based on biomaterial-
associated surgery consensus in our large academic hospital 
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setting. This improved clinical care is found in various parts of 
our treatment of patients with a total joint prosthesis, ranging 
from pre-operative work-up to observations according to a 
protocol and treatment of problems on our orthopaedic ward: 
Our pre-operative workup is more based on the assumption 
that every loosened prosthesis is considered to be a septic one 
and therefore the index of suspicion has been raised. 
Our post-operative observations have been standardized and 
improved, providing the means for optimal decision making in a 
medical health personnel with various levels of experience.  
Our total incidence rate of deep infections in total joint surgery 
has decreased from 4.9 to 2.1%. 
Finally it should be noted that the improvements found are the 
result of several smaller and larger contributions from different 
people involved in various parts of the process. It is the result 
of team effort.  
This study, as well as others, shows that performing research 
on a clinically important problem will not only result in a gain 
on knowledge on the issue, nor should a gain of knowledge be 
the sole goal of research. It also illustrates that the so-called 
“Hawthorne-effect”, can be an effective means in optimizing 
behaviour of personnel involved by creating a greater 
awareness and stimulating changes in a broader community  
than solely those involved with research. This should be 
considered equally important on a local level than world-wide 
dissemination of knowledge. 
The possibility of preventing or even treating an infection of a 
percutaneous orthopaedic implant using a small electric current 
is very attractive because of the ease of it’s application without, 
until now, no side-effects shown. Of course this method is still 
in an experimental phase but future human experiments will 
show us whether this method can be extended towards totally 
implanted orthopaedic implants. 
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