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SEPTIC OR ASEPTIC LOOSENING OF JOINT 
PROSTHESES 

A pilot study with 18FDG-Positron Emission 
Tomography 
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Introduction 

Pain is an important symptom of loosening of a joint prosthesis. 
Loosening of joint prostheses may be septic or aseptic, and the 
consequences for subsequent therapy are different. However, 
differentiation between septic or aseptic loosened joint 
prostheses is often a difficult clinical problem. Several 
diagnostic techniques are being used nowadays to detect or 
exclude infection. Plain-film anteroposterior and lateral 
radiographs are the most common form of imaging. Despite 
their widespread use, these radiographs are rarely diagnostic in 
the differentiation between septic or aseptic loosening 
(Weisman 1983). Laboratory evaluation will usually show an 
elevation of the erythrocyte sedimentation rate (ESR) and of 
the C-reactive protein (CRP) (Sanzén and Carlsson 1989) in the 
case of an infection, but in general such studies are suggestive, 
not diagnostic. Scintigraphy has gradually become a more 
reliable adjunct in evaluation of a painful joint prosthesis. 
99Technetium–diphosphonate bone scintigraphy, 67Gallium or 
99Technetium-labeled leukocyte scintigraphy are helpful 
options. None of these techniques is sufficiently sensitive or 
specific in diagnosing infection (Levitsky et al. 1991). 
Consequently, combinations of these techniques are often being 
used to improve the diagnostic accuracy (Palestro et al. 1990). 
A more invasive procedure to discriminate between pain 
originating from a septically or aseptically loosened joint 
prosthesis is aspiration of artificial joint fluid. This technique 
has been judged as controversial because of the lack of 
sufficient sensitivity (Hanssen and Rand 1999), varying 
between 60% (Barrack and Harris 1993) and 100% (Duff et al. 
1996) depending on the method used. Insufficient sensitivity 
may be related to the fact that infectious organisms in 
biomaterial associated infections predominantly grow in a 
"biofilm" mode (Chimento et al. 1996). After implantation of 



74 

biomaterial in the human body a “race for the surface” starts 
(Gristina 1987, Gristina et al. 1988) in which tissue-integration 
competes with microbial adhesion. When micro-organisms win 
this race and adhere to the biomaterials surface subsequent 
surface growth of the micro-organisms will lead to a mature 
biofilm and infection. This makes it difficult to aspirate the 
causative organism by puncture of the involved artificial joint 
since this is not where they predominantly reside. Besides this, 
invasive procedures carry the risk of introducing pathogenic 
organisms into a previously aseptic joint. 
Positron emission tomography (PET) with the radio-
pharmaceutical 2-[18F]fluoro-2-deoxy-D-glucose (FDG) is 
nowadays widely used in oncology. Its use is based on an up-
regulation of glucose-transporters (in particular GLUT-1) on the 
cell membrane of the oncocyte, which causes an increased 
uptake of glucose in the cell (Chung et al. 1999). FDG behaves 
as glucose, however, and after its phosphorylation, it is trapped 
within the cell, thus causing an entrapment of FDG within the 
cell, especially the oncocyte. FDG has been shown to be a very 
sensitive indicator of the presence of malignancy. In contrast, 
specificity, although also being high, is still far from perfect. It 
has been shown that FDG also accumulates in inflammatory 
tissues, particularly in macrophages (Kubota et al. 1992). 
Recently, this has led to a concept of diagnosing inflammation 
with FDG-PET, e.g. in fever of unknown origin (Lorenzen et al. 
2001). FDG-PET has also been addressed in recent literature as 
a helpful adjunct in diagnosing musculoskeletal infections 
(Winter et al. 2001, Zhuang et al. 2001).  
The purpose of this pilot study was to evaluate the feasibility of 
using FDG-PET for the differentiation between septic and 
aseptic loosening of joint prostheses. 
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Materials and Methods 

In this prospective pilot study, 7 patients with a painful joint 
prosthesis (2 Total Knee Arthroplasties (TKA), 3 hybrid and 2 
uncemented Total Hip Arthroplasties (THA)) constituted the 
study group (see Table 1). All prostheses were at least one and 
a half years in situ (1.5-7.5 years). The study was approved by 
our institutional review board. Patients were older than 18 
years, had no diabetes and gave informed consent. The PET 
study was conducted with an ECAT951/31 camera 
(Siemens/C.T.I., Knoxville, U.S.A.). This camera has a patient 
aperture of 56 cm in diameter and acquires 31 planes over a 
10.8 cm field-of-view. On the day of the investigation, the 
patient had to refrain from food for at least 6 h before the scan. 
Drinking of non-calorie beverages and continuation of 
medication was permitted. An attenuation corrected PET study 
in Whole Body mode was made over the area of interest, 90 
min after injection of 400 MBq FDG via an intravenous canula. 
No muscle relaxants were applied, but patients were instructed 
to stay seated during the waiting period in order to reduce 
physiologic muscle uptake. All patients underwent a revision 
procedure of their joint prosthesis within 6 weeks after this 
investigation.  
In addition, a group of 5 patients with 7 asymptomatic joint 
prostheses (4 cemented, 1 uncemented THA and 2 
Hemiprostheses) that went through a PET scan for oncological 
problems served as a control group (see Table 2). The 
procedure of scanning was similar as in the group with a painful 
joint prosthesis; however, the field of view was extended in 
order to cover the body from the head to the mid-thigh. 
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Data analysis 

Radiographs were studied for radiographic signs of instability. 
For this purpose the Knee Society Roentgenographic Evaluation 
System (Ewald 1989) was used for evaluating the radiographs 
of the patients with a TKA. For the cemented stems of the THA 
the scoring system according to Gruen was used (Gruen et al. 
1979). For the cemented sockets, the DeLee-Charnley 
classification (DeLee and Charnley 1976) was used. For the 
stems in the uncemented THA the criteria according to 
Vresilovic (Vresilovic et al. 1994) were used to ascertain 
stability. Because literature does not provide a separate scoring 
system for uncemented cups, the principles of Vresilovic 
(Vresilovic et al. 1994) and Engh (Engh et al. 1990) were used 
to interpret the radiographic signs on these radiographs.  
 
 

 

Figure 1. Example of grade 0 FDG activity around hemiprosthesis on the 
right side ( ). On the left side is a hemiprosthesis with grade 1 FDG 
activity around the greater trochanter region ( ). 
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PET images were scored on a 3-point scale based on the 
intensity of the FDG uptake of the images: 0 (no uptake, see 
Figure 1), 1 (mild uptake, see Figure 2) and 2 (intense uptake, 
see Figure 2). Two experienced, independent specialists in 
Nuclear Medicine evaluated the images. Both readers were 
aware whether the scan was made because of problems with 
the joint prosthesis or for oncological reasons.  The readers 
were blinded for further clinical symptoms of the patients. In 
case of the control group, they were aware the patients had no 
reported problems with their joint prostheses. In case of 
disagreement between readers a final verdict was reached by 
consulting a third reader. 
 

 

Figure 2. Example of grade 2 FDG activity around a left total knee 
prosthesis (         ). 

 
In the study group, the final diagnosis was made by surgical 
exploration. Routine hospital culturing was performed, meaning 
aerobic and anaerobic culturing for a period of 4 days. PET 
results were compared with the microbiological results in those 
patients of the study group (See Table 1 and 2). Obviously, no 
microbiological material was obtained from the patients of the 
control group, since these patients had no clinical signs of 
loosening of their joint prostheses at the time of scanning and 
none had radiographic signs of loosening.  
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Results 

Study group: Patients with symptomatic joint prostheses 

Of the 7 patients with a painful joint prosthesis 4 had category 
2 FDG uptake. After revision, 3 were diagnosed as septically 
loosened. In one patient, both Staphylococus aureus and 
Coagulase Negative Staphylococci (CNS) were cultured. The 
other two patients had both CNS cultured from the tissue 
acquired during revision. 
 

Table 1. Overview of patient population and data in study group. 

Study group 

Type of 
prosthesis 

Time to  
scan 

Prosthesis 
painful 

Laboratory 
findings 

Activity 
grade on 
PET scan 

Culture 
result 

TKA 2 y Yes ESR=12 
CRP=5 

2 CNS 

TKA 2 y Yes ESR=10 
CRP=17 

2 CNS 

Uncem. THA 6 y Yes ESR=49 
CRP=24 

2 S. 
aureus  
CNS 

Proplast® THA 12 y Yes ESR=12 
CRP=3 

2 NEG 

Hybrid 5 y Yes N.A. 1 NEG 

Hybrid 8 y Yes N.A. 1 NEG 

Uncem. Cup 14 y Yes CRP < 4 1 NEG 

 

Hybrid=uncemented cup with cemented stem, THA=Total Hip 
Arthroplasty, TKA=Total Knee Arthroplasty, Uncem=uncemented, NA=not 
available, ESR=erytrocyte sedimentation rate(in mm/h), CRP=C-reactive 
protein(in mg/l), CNS=Coagulase Negative Staphylococci, NEG=negative,  
0=no uptake, 1=slightly increased uptake, 2=intensely increased uptake,  
POS=positive 
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The one patient with category 2 FDG uptake, but no micro-
organisms cultured, had a pseudo-infectious-like mass around 
his uncemented femoral stem (a Proplast® femoral stem). 
Three patients with a painful joint prosthesis had category 1 
FDG uptake on the PET scan. Standard hospital cultures of 
tissue acquired during revision were not able to detect micro-
organisms and these 3 prostheses were diagnosed as 
aseptically loosened (see Table 1). 
 
 

Table 2. Overview of patient population and data in control group. 

Control group 

Type of 
prosthesis 

Time to  
revision 

Prosthesis 
painful 

Laboratory 
findings 

Activity 
grade on 
PET scan 

Culture  
result 

Hemiprosthesis 5 y No ESR=6 0 # 

Hemiprosthesis 4 y No ESR=6 1 # 

THA 16 y No ESR=47 1 # 

THA 16 y No ESR =47 1 # 

THA 1 y No ESR =13 1 # 

THA Lost to 
follow-up 

No N.A. 1 # 

Uncem THA, 
Mallory Head® 

5 y No ESR=28 
CRP=38 

2 # 

 

THA=Total Hip Arthroplasty, TKA=Total Knee Arthroplasty,  
Uncem=uncemented, NA=not available, ESR=erytrocyte sedimentation 
rate(in mm/h), CRP=C-reactive protein(in mg/l), CNS=Coagulase 
Negative Staphylococci, NEG=negative, 0=no uptake, 1=slightly increased 
uptake, 2=intensely increased uptake, POS=positive, # =no culture 
obtained 
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Control group: Patients with asymptomatic joint 

prostheses 

The FDG uptake around the 7 asymptomatic joint prostheses 
varied between category 0 (N=1 hemiprosthesis), category 1 
(N=5, of which 1 hemiprosthesis and 4 THA) and category 2 
(N=1 uncemented THA, Mallory Head®). As these subjects were 
scanned for other reasons than their joint prosthesis, no 
microbiological confirmation was obtained (see Table 2). 
 
  

Discussion 

In this study we examined the feasibility of differentiating 
aseptic and septic loosening of joint prostheses with FDG-PET. 
In order to do so, it is needed to have an idea on the uptake of 
FDG around asymptomatic prostheses. Our data showed a mild 
uptake in the majority of patients, and even intense uptake in 1 
asymptomatic patient, who had received an uncemented THA, 
Mallory Head®), placed 5 years before PET-scanning. This 
suggests the continuation of a reaction or inflammation after 
introduction of a joint prosthesis.  
Theoretically, whenever a joint prosthesis is introduced into the 
human body, surgical and mechanical trauma will evoke an 
acute inflammatory response. This acute inflammatory cascade 
results in localised cell necrosis and tissue degeneration. 
Because of these processes, a so-called interface, i.e. a very 
thin membrane between the prosthesis and the body, 
consisting of fibroblasts, vascular endothelium cells and 
macrophages, is formed. Since it is known that macrophages 
accumulate FDG, it is reasonable to assume that activity can be 
seen on PET images even when no infection is present (Kubota 
et al. 1992). Consequently, the interface must not be 
considered as inert but as an activated tissue, with its own 
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ability to show activity on metabolic activity studies such as 
FDG-PET. Therewith, the question can be raised whether FDG-
PET is able to differentiate between aseptic and septic loosening 
(Winter et al. 2001), since a background of slightly increased 
FDG uptake is imaginable (Zhuang et al. 2002). However, if 
infection is involved in the loosening process, a summation of 
activities takes place, resulting in a more intense reaction that 
allows differentiation between aseptic and septic loosening.  
One could argue that one of the prosthesis with grade 2 activity 
had no proof of a septic loosening. During revision though, this 
procedure was converted from a one stage into a two-stage  
procedure. This conversion was chosen because of the 
intraoperative findings of signs of an infectious-like mass. 
Further analysis showed that this Proplast® stem had inflicted a 
very intense granulomatous reaction, mimicking an infectious 
process. This granulomatous reaction in this type of prosthesis 
has been described before (Maathuis and Visser 1996). This 
intense reaction may have caused a possible summation of FDG 
activity in PET scanning.  
In line with this remark is the fact that an uncemented joint 
prosthesis inflicts a more intense reaction than a cemented 
one. Because of bone ingrowth, uncemented prostheses will 
cause, more pronounced osteoblastic activity in comparison 
with cemented ones (see Table 1 and 2), as has also been 
demonstrated using 99Technetium bone scans of these two 
types of joint prostheses (Maniar et al. 1997).  
Microbiological confirmation of infection was lacking in three 
patients with painful arthroplasties, of which one had a score 2 
FDG activity, which might be due to a low-grade infection of the 
joint prosthesis that remained undetected by routine hospital 
microbiological techniques, as common in our hospital during 
the time of this study. Indeed low-virulence and low 
metabolically active organisms are often never recognized with 
standard microbiological techniques (Tunney et al. 1998, 1999, 
Neut et al. 2003) and estimates are that 15 to 20% of all a-
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septically diagnosed loosenings are in fact septic (Mariani et al. 
1996, Tunney et al. 1998). In our hospital we have improved 
our detection rate in periprosthetic infections by culturing peri-
prosthetic tissue and biofilm from the prosthesis surface for 7 
instead of 4 days (Neut et al. 2003). Unfortunately in the 
current study this extensive culturing method was not in use, 
as it might have improved the correspondence between 
microbiological confirmation, painful arthroplasties and FDG 
activity monitored. Loose joint prostheses, whether infected or 
not, inflict a reaction in the adjacent tissues. This reaction is 
visualised by a positive reading on the PET images. An intense 
grade 2 reaction is suggestive of a possible summation of 
different kind of processes. Around a joint prosthesis that 
causes pain to the patient this can be suggestive of an 
infectious process.  
At this stage it is too early to make statements on the cost-
effectiveness of including an FDG-PET into the work-up of 
patients with problems of joint prosthesis. Statements can only 
be speculative at this stage. Theoretically, there is the 
opportunity of altering the approach of the treatment in case of 
severely infected prosthesis. However, to do so not only a high 
sensitivity but also a high specificity is required. Although our 
results, and those of others, are promising in this respect, no 
final verdict can be given yet and further research into the 
matter is needed before FDG-PET can routinely be introduced 
into clinical practice. 
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