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Abstract. Fluorine-18 fluorodeoxyglucose positron emis-
sion tomography (FDG-PET), technetium-99m hexa
methylpropylene amine oxime (HMPAO)-labelled white
blood cell (WBC) scintigraphy and bone scintigraphy
were used in the evaluation of total knee arthroplasties
(TKAS). We prospectively included 21 patients who had
a three-phase bone scan for exclusion of infection of
TKASs. Four hours after injection of 185 MBq 9mTc-
HMPAO-labelled WBCs, planar and single-photon emis-
sion tomographic (SPET) imaging was performed. Pla-
nar imaging was repeated at 24 h p.i. Consecutively im-
ages of the knees were obtained with a dedicated PET
system 60 min following the injection of 370 MBq of
FDG. Focal tracer uptake was scored on SPET and PET
visually (0=no uptake, 4=intense uptake). In addition,
SUV (standardised uptake value) per voxel was calculat-
ed from attenuation-corrected PET images using the
MLAA agorithm. Foca uptake at the bone-prosthesis
interface was used as the criterion for infection before
and after correlation with the third phase of the bone
scan. Final diagnosis was based on operative findings,
culture and clinical outcome. In the infected TKAS, the
WBC scan showed focal activity of grade 2 (n=2),
3 (n=1) or 4 (n=2). PET scan revealed foca activity of
grade 4 (n=5) or 3 (n=1). WBC scan alone had a speci-
ficity for infection of 53% [positive predictive value
(PPV) 42%, sensitivity 100%], compared with 73% for
PET scan (PPV 60%, sensitivity 100%). Considering on-
ly lesions at the bone-prosthesis interface that were also
present on the third phase of the bone scan, we found a
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specificity of 93% (PPV 83%) for WBC scan. Using
these criteria, a specificity of 80% (PPV 67%) was ob-
tained for PET scan. Two out of three false-positive PET
scans were due to loosening of the TKA. It is concluded
that WBC scintigraphy in combination with bone scin-
tigraphy has a high specificity in the detection of infect-
ed TKAs. FDG-PET seems to offer no additional benefit.
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Introduction

In a painful total knee arthroplasty (TKA) the exclusion
of infection remains a diagnostic challenge. The inci-
dence of infection after total knee replacement was re-
ported to be 1.7% for arthrosis and 4.4% for rheumatoid
arthritis in 12,118 TKAs [1]. After revision of a total
joint arthroplasty, infection is more likely [2].

The diagnosis of an infected TKA has a major impact
on the treatment. Systemic antibiotics alone are primari-
ly used in most cases. Eventually resection and revision
arthroplasties are performed in less than one-third of the
patients, and arthrodesis in another third; amputation is
seldom indicated [1]. Replacement of an infected TKA
includes systemic (intravenous) and local antibiotic
treatment for 6 weeks after removal of the infected TKA,
followed by placement of anew TKA.

Clinical evaluation, erythrocyte sedimentation rate,
peripheral leucocyte count and plain radiographs are not
accurate in diagnosing an infected TKA [3, 4]. Preopera-
tive joint aspiration appears to be the most useful single
test in the workup of a painful total joint arthroplasty
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(sensitivity of 67% for a positive intra-operative culture)
[4]. However, even when intra-operative cultures are
negative, the diagnosis of an infected TKA cannot be ex-
cluded and is often made on aclinical basis[5].

Bone scintigraphy is known to be very sensitive for
infection and has a high negative predictive value in pa-
tients with a painful TKA [6]. However, the poor speci-
ficity (24%) limits its clinical value. Various additional
techniques have been studied to increase the specificity.
Gallium-67 in combination with technetium-99m meth-
ylene diphosphonate (MDP) bone scan was found to in-
crease specificity to 81%, with a decrease in sensitivity
to 66% [7]. Indium-111-labelled leucocyte scintigraphy
was found to have a high sensitivity and specificity (88%
and 73%, respectively) for the diagnosis of an infected
orthopaedic prosthesis [5]. 1In-labelled leucocyte scin-
tigraphy seems to be superior to 6’Ga when compared in
the same patient group [8]. 29mTc-hexamethylpropylene
amine oxime (HMPAO)-labelled white blood cell (WBC)
scintigraphy is reported to have a comparable sensitivity
and specificity (100% and 86%, respectively) in respect
of infected hip prostheses[9].

Recently more practicable techniques have been de-
veloped. In hip and knee prostheses, Sciuk et al. [6]
found an overall sensitivity of 89% and an overall speci-
ficity of 84% using 99mTc- or iodine-123-labelled mono-
clonal mouse antibody. 9mTc-polyclonal human 1gG
scintigraphy in infected hip and knee prostheses has an
overall sensitivity of 100% and a poor specificity of 41%
[positive predictive value (PPV) 54%] [10].

Fluorine-18 fluorodeoxyglucose (FDG) is known to
accumulate at inflammatory sites. The usefulness of
FDG positron emission tomography (PET) in infected
knee prostheses has not yet been demonstrated. We con-
ducted a prospective study to establish the clinical value
of FDG-PET in comparison to WBC scintigraphy, in
combination with the three-phase bone scan, in patients
with apainful TKA. A PET scan was also performed in a
control group to investigate the normal FDG distribution
in asymptomatic TKA patients and to clarify whether
there is a relationship between the intensity of FDG up-
take (focal or diffuse) and the time interval between hav-
ing a TKA and the PET scan. Knee phantom experi-
ments were done to compare attenuation correction per-
formed with and without transmission scan [11].

Materials and methods
Study population

Patient group

Twenty-one consecutive patients with a painful knee arthroplasty,
who had a three-phase bone scan for exclusion of infection, were
prospectively included in this study. There were 13 females and
8 males, aged 33-78 years (mean 66+10 years). They were operat-
ed on for gonarthrosis (n=19) or burnt-out septic arthritis (n=2)
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between 7 months and 9 years before the scintigraphic study
(mean 35+23 months). Twelve patients had a cemented TKA (in
three only cemented at the tibial component), while in nine pa-
tients a cementless TKA had been implanted. Sixteen patients had
primary implants, and five had a revision. WBC scintigraphy was
planned in al patients except one. A PET scan was performed in
all patients the day after WBC scintigraphy.

Clinical, biochemical and radiological surveys were per-
formed. Cultures were obtained during surgery in three patients or
by needle aspiration in 12 patients. In patients who underwent sur-
gery, prostheses were considered to be infected if micro-organisms
grew in culture specimens, and uninfected if cultures were nega-
tive. In the absence of operative findings, the final diagnosis was
based on long-term (at least 6 months) clinical evaluation (n=6) or
on preoperative joint aspiration and culture (n=12).

Control group

In a second patient group without complaints 7 months to 6 years
(29+£16 months) after placement of a TKA, a bone scan was fol-
lowed by a PET scan. The control group comprised 11 females
and 6 males, aged 4876 years (mean 6717 years), with 26 TKAS,
of which 15 were cemented. All patients were properly informed
and cooperated voluntarily.

Imaging techniques
Bone scan

After i.v. injection of 740 MBq %MTc-MDP, a three-phase bone
scan was performed: dynamic phase (2 min, 120 1-s frames),
blood pool phase (2 min, 2 min after i.v. tracer injection) and de-
layed phase [10 min anterior and posterior images of the knees 3 h
after tracer administration, immediately followed by a single-pho-
ton emission tomographic (SPET) acquisition]. Ninety projections
(15 d/projection, rotation step of 4°) were acquired over 360° us-
ing a 128x64 matrix. Transaxial slices 10.6 mm thick were recon-
structed by an iterative reconstruction technique [12, 13]. Studies
were performed with a large field of view gamma camera (Trio-
nix, biad), equipped with a low-energy parallel-hole collimator
(general purpose for the dynamic and blood pool phases, and ul-
tra-resolution for the delayed phase), using a 20% window centred
on the 140-keV photopeak.

WBC scintigraphy

Intravenous injection of 185 MBq 9mTc-HMPAO-labelled leu-
cocytes was performed. The separation of WBCs and the labelling
method with 99mTc-HMPAO have been described previously [14].
Planar anterior and posterior 10-min images of the knees were ob-
tained at 4 h and 24 h post injection. The 4-h images were imme-
diately followed by a 25-min SPET acquisition. Acquisition and
processing parameters were identical to those for bone SPET (cf.
above). Data were obtained for 20 s/projection.

FDG-PET scan

PET was performed with an ECAT Exact HR* scanner (Siemens
Medical Systems) that produces slices of 4.6 mm thickness, with
an axial field of view of 15 cm.
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Knee phantom study. Within a box of Plexiglas, a knee prosthesis
was fixed with a thin wooden frame (triplex). After filling this cy-
lindrical volume (diameter 20.5 cm, height 18.5 cm, volume 6 )
with water, 22 MBg FDG was injected and dispersed with a water
pump immediately before scanning. The knee phantom was
scanned a second time after fixation of three radioactive sources
simulating regions of focal tracer uptake. Three bottles (1 mm
glass, 1 cm diameter and 3 cm length) were placed at the bone-
prosthesis interface of the femoral component, of the tibial com-
ponent and at the top of the femoral component. The bottle to
background activity ratio was 5:1, 4:1 and 10:1, respectively. For
the phantom studies, the cylinder was put in the PET camera, and
an emission scan was acquired (10 min per bed position). After a
one-night decay in the scanner, a transmission scan was acquired.
Three methods were used for image reconstruction: (1) maximum
likelihood expectation maximisation (MLEM) reconstruction
without attenuation correction [12, 13], (2) MLEM reconstruction
with attenuation correction using the cold transmission scan, (3)
reconstruction with attenuation correction using the MLAA algo-
rithm [11] (cf. below). Transmission-based attenuation correction
was done by reprojection of a maximum a posteriori reconstruc-
tion as described in Nuyts et a. [15]. MLAA (maximum likeli-
hood reconstruction of attenuation and activity) is an algorithm for
reconstruction with attenuation correction but without use of a
transmission scan. The MLAA algorithm uses only the emission
scan to reconstruct both the activity and the linear attenuation co-
efficientsin every pixel [11].

Clinical study. Patients fasted for at least 6 h before FDG adminis-
tration. FDG was injected intravenously and the dose was adjusted
to the body weight (dose in MBqg = 37 x body weight in kg/8).
Static emission scans were performed 60 min after FDG adminis-
tration. The acquisition time for emission scans was 10 min per
bed position. Two successive bed positions were scanned with the
lower bed position starting just beneath the patellae. Image recon-
struction was done without attenuation correction using MLEM
and with attenuation correction using the MLAA algorithm. Stan-
dardised uptake values (SUVs) were calculated for each voxel
with the MLAA agorithm, as indicated below:

_decay corrected activity (kBq)/tissue(ml)

SUV =
injected FDG dose (kBq)/body weight (g)

Image interpretation

Two nuclear medicine physicians without knowledge of the clini-
cal, biochemical and radiological findings scored the images.

Bone scan

The dynamic and blood pool phases were scored as normal or ab-
normal, abnormal being any focal or diffuse uptake around the
TKA. On the delayed phase any focal or diffuse tracer uptake was
graded using a five-point scale [16]: grade 0 = no uptake to grade
4 = very high uptake, with grade 2 = uptake equal to the ipsilateral
distal femoral cortex. SPET was used to locate any focal tracer up-
take.

WBC scintigraphy

The 4-h and 24-h WBC images were evaluated for intensity of up-
take and the pattern of activity (diffuse versus focal). As for the

bone scan, a comparable five-point scale was used (grade 2 = up-
take equal to the ipsilateral femoral bone marrow). SPET was used
to locate any focal tracer uptake and to correlate this with the bone
SPET findings.

FDG-PET scan

Non-attenuation-corrected and attenuation-corrected PET images
were evaluated in the same way as the WBC images (intensity of
uptake, pattern of uptake and the congruence of focal uptake with
bone SPET). A five-point scale was used, and uptake as high as
the popliteal artery was scored as grade 2. The maximum SUV per
voxel was calculated for each focal or diffuse tracer uptake around
the TKA.

Scintigraphic data analysis

Means were compared using the unpaired Student’s t test; P val-
ues less than 0.05 were considered significant. Data were ex-
pressed as meanstSD.

Results
Knee phantom study with FDG-PET

Figure 1 shows some maximum intensity projections
from the reconstructed volumes. Figures 1a and 1b show
the phantom containing a prosthesis surrounded by uni-
form activity in water. The transmission image obtained

h

g

Fig. la—h. Maximum intensity projections from the phantom im-
ages. a—d Homogeneous phantom; e-h phantom with three hot
tubes. Homogeneous phantom: a cold transmission image; b cor-
responding attenuation-corrected MLEM emission image; ¢, d at-
tenuation and activity images by MLAA without transmission
scan. Phantom with hot tubes: e cold transmission image; f corre-
sponding attenuation-corrected MLEM image; g, h MLAA attenu-
ation and activity images
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Table 1. Object to background ratios for the three sources and the
two reconstruction algorithms (MLEM with attenuation correction
from cold transmission scan, MLAA without transmission scan)

Source 1 Source 2 Source 3
True contrast 10 5 4
MLEM contrast 7.6 3.6 34
MLAA contrast 4.3 31 2.6

from the cold transmission scan clearly shows the shape
of the prosthesis (Fig. 1a). The corresponding attenua-
tion-corrected MLEM image shows increased tracer up-
take near the prosthesis (Fig. 1b). This artefact consists
of an 11-ml structure with an object to background ratio
higher than 2. MLEM reconstruction without attenuation
correction did not show apparent uptake near the pros-
thesis (image not shown). Figures 1c and 1d show the at-
tenuation map and activity image obtained from the
emission scan with MLAA. In the transmission image,
the boundary of the cylinder is not well defined, but an
excellent reconstruction of the prosthesis is obtained
(Fig. 1c). The corresponding emission image did not suf-
fer from the artefact, except for a very small hot spot be-
tween the femoral condyles (Fig. 1d). Figures 1e-h com-
pare the images obtained from the phantom after fixation
of three hot sources. These sources are clearly visible in
the MLEM and MLAA images. Comparison of object to
background ratios revealed that the recovery coefficient
islower for the MLAA images (Table 1).

Control group

Bone scan. In the patient group without complaints, fo-
cal uptake (always grade 3) was seen in six patients. In
all except one this uptake was in a patellar location. The
intensity of diffuse bone uptake was grade 2.15+0.73 (al
patients).

FDG-PET scan. An example of a normal PET scan is
shown in Fig. 2. The effects of the different attenuation
correction techniques are indicated. In this patient with
normal clinical and bone scan findings, focal FDG up-
take was seen in the intercondylar space. This synovial
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uptake was probably falsely intensified after attenuation
correction using the hot transmission scan. Attenuation
correction using MLAA, however, showed less intense
uptake.

Frequently we found diffuse synovial FDG uptake
long after surgery. This physiological diffuse uptake did
not correlate with the time interval between surgery and
scan.

Postsurgical focal FDG uptake in the control group
was seen mostly in the patellofemoral region in 9 of
17 patients 12-51 months after surgery. Ten focal lesions
were detected in 26 TKAS on non-attenuation-corrected
images, of which only four lesions in three patients were
not located in the patellofemoral region (none of them
had a correlate on bone scan). The highest SUV's of these
three patients are presented in Fig. 5. These patients had
a TKA implanted 34-36 months before the PET scan.
We could not find a relation between the presence or the
intensity of such alesion and the time after surgery. On
the attenuation-corrected images (MLAA), five of six
patellofemoral lesions were confirmed, and one new (su-
pra)patellar lesion congruent to a bone scan lesion was
seen. Only two of the known non-patellar lesions were
found clearly, and a new intercondylar lesion in another
patient was visualised (normal bone scan findings).

Patient group

Six patients had an infected TKA (all primary implants,
only one cementless TKA). The final diagnosis of infec-
tion was confirmed by microbiological culture in three
(Streptococcus milleri, Staphyl ococcus aureus and Entero-
coccus) and by clinical follow-up of at least 6 months in
the remaining three. The antibiotic treatment was effi-
cient in five (four systemic and one local treatment), and
in one patient the TKA had to be removed.

In six other patients loosening of the TKA was clini-
cally suspected, of whom two required revision surgery.
Symptoms in the remaining patients disappeared without
operative intervention.

Fig. 2a—c. Patient without complaintsin respect of his TKA. a Fo-
cal intercondylar lesion on emission scan. b The lesion is more in-
tense on the attenuation-corrected image using the hot transmis-
sion scan. ¢ The lesion is less intense on the attenuation-corrected
image using only the emission data (MLAA)
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Fig. 3a—d. The infected TKA. a Planar bone imaging (focal up-
take grade 2); b bone SPET; c congruent lesion on WBC SPET
(grade 4); d congruent lesion on FDG-PET (grade 4, SUV 4.4)

Table 2. PPV and specificity for the detection of infected TKAs

Procedure PPV (%)  Specificity (%)  TP/TN/FP/FN
WBC scan 42 53 5/8/7/0

+ bone scan 83 93 5/14/1/0

PET scan 60 73 6/11/4/0

+ bone scan 67 80 6/12/3/0

PPV, Positive predictive value; TP, True positive; TN, true nega-
tive; FP, false positive; FN, false negative

Bone scan. Blood flow was abnormal in 17 patients,
showing a focal component in eight and diffuse uptake
(mostly horseshoe pattern) in 14. In four studies no ab-
normal blood flow was found. If a TKA was infected,
the blood flow and blood pool phases aways showed a
horseshoe pattern. On the delayed phase, focal uptake
was seen in 17/21 patients. The intensity of uptake was
grade 3.2+0.49 for foca lesions (n=27) and grade
2.7+0.70 for diffuse uptake (al patients). Among the six
patients with an infected TKA, focal non-patellar tracer
uptake of grade 2 was seen in one patient, of grade 3 in
two and of grade 4 in two; diffuse uptake (grade 4) was
observed in the remaining patient.

WBC scan. At 4 h p.i. focal uptake was seen in 12/20 pa-
tients (13 lesions), and in two others femoral bone mar-
row was clearly visualised. The uptake for focal lesions
(al non-patellar) was grade 2.6+0.7, and for diffuse up-
take, 1.5+0.8. At 24 h no additional lesions were detect-
ed. One patient with an infected TKA did not have a
WBC scan for logistic reasons. All scanned infected
TKAs showed focal increased uptake (grade 2 in two pa-
tients, grade 3 in one and grade 4 in two, cf. Fig. 3). In
one patient the uptake increased from grade 2 to grade
3 at 24 h. Selecting focal uptake as the criterion for in-
fection, a specificity of 53% was obtained (PPV 42%,
sensitivity 100%).

Comparison between WBC and bone scan. Taking into
account only those lesions on WBC scan that were also
found on the third phase of the bone scan, the specificity

At ey

]
C d

Table 3. Results of WBC or PET scan in combination with bone
scan in al patients, including time after surgery

Patient Timeinterval WBC scan PET scan
(months) + bone scan + bone scan
1 27 TN FP
2 36 TN TN
3 24a TN TN
4 7 TP TP
5 58 TN TN
6 23 TP TP
7 122 TN FP
8 12 TN TN
9 21 TN TN
10 108 TN TN
1 17 TN TN
12 362 TN TN
13 602 FP TN
14 66 TN TN
15 122 TN TN
16 16 TP TP
17 14 TN TN
18 60 TP TP
19 84 TN FP
20 41 TP TP
21 29 NA TP

TP, True positive; TN, true negative; FP, false positive; FN, false
negative; NA, not available
aRevision surgery

increased to 93% (PPV 83%, sensitivity 100%; Table 2).
The only false-positive scan left was probably due to
loosening of the prosthesis.

FDG-PET scan. Without attenuation correction, focal
FDG uptake was seen in 11/21 patients (15 lesions; visu-
al grade 3.71+0.71); in two of these patients this uptake
was in the patellofemoral region. The intensity of the
diffuse uptake was 2.63+0.60 (all patients). Taking focal
FDG uptake at the bone-prosthesis interface as the crite-
rion for infection, a specificity of 73% was reached (PPV
60%, sensitivity 100%).

Comparison between FDG-PET and bone scan. When a
PET lesion of grade 3 with no correlate on the third
phase of the bone scan was classified as true negative, a
specificity of 80% was obtained (PPV 67%, cf. Fig. 3
and Table 2). In Table 3 the results in all patients of
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Fig. 4. Non-attenuation-corrected (a, ¢) versus attenuation-correct-
ed PET images (b, d) in two patients. In patient A afocal lesion at
the medial femoral condyle in an infected TKA was missed on at-
tenuation-corrected images owing to synovial uptake. In patient B
afocal lesion at the medial side of the tibial plateau was only seen
clearly on attenuation-corrected images, creating a false-positive
result

WBC and PET scan in combination with the bone scan
are summarised, including the time after surgery. Two of
the three remaining false-positive PET studies were per-
formed 1 and 5 years after revision surgery in patients
suspected to have a loosened TKA. The third false-posi-
tive lesion was found 7 years after placement of a prima-
ry implant. Neither clinical nor biochemical evaluations
up to 1 year after the PET scan revealed the true nature
of thislesion.

Attenuation-corrected FDG-PET. Attenuation-corrected
images (MLAA) showed 18 focal lesions in 11/21 pa-
tients, although in one infected TKA no focal uptake was
observed owing to intensified adjacent synovial uptake
(patient A in Fig. 4). Four additional lesions at the bone-
prosthesis interface were seen in three patients as com-
pared to the non-attenuation-corrected images (cf. pa-
tient B in Fig. 4). Not one of these lesions had a congru-
ent lesion on the bone scan. In comparison to non-attenu-
ation-corrected images, the intensity of the FDG uptake
scored visually was significantly lower for focal lesions
(grade 2.75+0.45; P=0.0009), but comparable for diffuse
uptake (grade 2.62+0.51; P=0.47). The mean SUV for
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Fig. 5. Semi-quantitative analysis (SUV value) of non-patellar fo-
cal FDG uptake in TKAs (symptomatic patients and controls).
One false-positive lesion could be classified as true negative after
correlation with the bone scan findings (SUV 2.5, represented by a
hollow cube). Focal FDG uptake in asymptomatic patients (Con-
trols) never had a correlate on bone scan. TP, True positive; FP,
false positive

focal lesions seen on non-attenuation-corrected FDG im-
ages (n=17) was 3.72+1.22, and for non-patellar focal le-
sions (n=13), 3.29+0.79. Figure 5 divides non-patellar
focal lesions into true-positive and false-positive lesions
for infection. In one true-positive case only the highest
SUV of two lesions is depicted. One false-positive lesion
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Fig. 6a—d. Loosening of a TKA. a Focal MDP uptake of grade 4
around the tibial neck of the prosthesis; b congruent focal lesion
on MDP SPET; c no focal uptake on WBC SPET; d false-positive
congruent lesion on PET (grade 4, SUV 3.2)

could be classified as true negative after correlation with
the bone scan findings (SUV 2.5, represented by a hol-
low cube in Fig. 5). Two false-positive studies due to
loosening of a revised TKA had SUVs of 3.2 and 3.3.
The third false-positive lesion in the primary implant had
an SUV of 2.6.

Loosening of a TKA

Bone scan. Among those patients in whom TKA [oosen-
ing was suspected clinically, bone scan revealed focal
uptake of grade 3 in three and of grade 4 in three. In four
of these six patients, focal uptake at the tibial tip and/or
neck of the prosthesis was seen (Fig. 6).

WBC scan. Suspected loosening of the knee prosthesis
presented with focal uptake in four patients (grade 2 in
two and grade 3 in two) and with diffuse uptake in two
patients (grade 1 or 2). Only one lesion also showed in-
creased focal uptake on bone scan.

FDG-PET scan. Among those patients in whom loosen-
ing was suspected, FDG-PET scan showed diffuse up-
take of grade 3 in four patients, and focal uptake of
grade 3 or 4 in the other two (Fig. 6). These two patients
had congruent lesions on bone scan.

Discussion
Knee phantom study

The artefacts observed in the phantom experiment were
probably due to mismatches between the transmission
and emission scans. Two types of mismatch can occur:
mismatch in resolution and mismatch in position. Be-
cause of the different geometrical situation, the resolu-
tion of a transmission scan is never identical to that of
the emission scan. Normally, this resolution mismatch
has no dramatic effects. However, near the edge of a ma-
terial with a very high attenuation coefficient, any blur-
ring leads to severe overcorrection in the low-attenuation

bt

c d

medium and undercorrection in the high-attenuation ma-
terial. In the evaluation of TKAs, the undercorrection is
not a problem because there is no activity in the prosthe-
sis. In contrast, overcorrecting can be problematic, since
it generates an apparent increase in tracer uptake near the
prosthesis, which is exactly the signal we are looking for.
Similar and probably far more severe artefacts occur in
the case of patient motion between the emission and
transmission scans. Even with post-injection transmis-
sion scanning, patient motion cannot be excluded. The
MLAA agorithm derives the attenuation coefficients di-
rectly from the attenuated emission scan, ensuring a per-
fect match between attenuation coefficients and activity
and elimination of the artefact. MLAA produced a virtu-
ally exact reconstruction of the prosthesis.

The phantom experiment indicated that MLAA-
reconstructed images are sufficiently sensitive (the small
hot source with a lesion to background ratio of 4 was
clearly visible) and more specific than the MLEM im-
ages (there were almost no hot artefacts).

Clinical study

Accurate diagnosis is essential for the effective manage-
ment of suspected infection of a TKA. Labelled leuco-
cyte scintigraphy is the preferred imaging technique for
the evaluation of orthopaedic infections [17]. In the
search for a more convenient and faster imaging tool we
evaluated the usefulness of FDG-PET in detecting in-
fected TKAS.

Bone scan. In the infected TKAS, the dynamic and blood
pool phases aways showed diffuse uptake (horseshoe
pattern), masking focal uptake. Delayed bone imaging in
patients with infected TKAs revealed focal uptake in all
but one. It should be noted that SPET allowed clearer vi-
sualisation of lesions (cf. Fig. 3). Based on a visual scor-
ing system we found a low specificity (33%) of the de-
layed phase for infected TKAS, as has been reported in
the literature (25%) [7]. In patients without complaints,
however, we found only one case of focal non-patellar
uptakein 26 TKAs.

HMPAO WBC scan. Using focal uptake as a criterion for
infection, a specificity of 53% was obtained (sensitivity
100%). When only lesions also seen on bone scan were
taken into account, the specificity increased to 93%
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without any loss in sensitivity. Loosening also presented
with focal uptake in four out of six patients, but only one
had a congruent lesion on the bone scan. Around a loos-
ened TKA, focal inflammation can be seen without in-
volvement of the bone itself. This emphasises the need
to correlate WBC scan findings with bone scan abnor-
malities. Visua grading and 24-h imaging did not allow
further differentiation. Femoral bone marrow did not in-
terfere because of the anatomical distance from the bone-
prosthesis interface.

FDG-PET scan. Focal uptake at the bone-prosthesis in-
terface on non-attenuation-corrected images gave a sen-
sitivity of 100% and a specificity of 73% (PPV 60%).
Focal non-patellar FDG uptake of grade 3 was seen in
asymptotic TKAs until 36 months after surgery, also sug-
gesting a lack of specificity of FDG for infection. In this
group no time-dependent typical FDG uptake was seen.
In the patient group, correlation with the third phase of a
bone scan increased the specificity of FDG-PET to 80%
(PPV 67%). Two out of three false-positive results |eft
were due to loosening of the TKA. Comparison of PET
images with the bone scan findings also facilitated the
detection of focal FDG uptake at the bone-prosthesis in-
terface, which is easily overlooked owing to intensified
adjacent synovia uptake. Attenuation correction (MLAA)
showed comparable diffuse uptake but significantly less
intense focal uptake (visual grade 2.75+0.45 vs
3.71£0.71; P=0.0009). One lesion in an infected TKA
was not identified on attenuation-corrected images, prob-
ably due to intensified adjacent synovial uptake (cf. pa-
tient A in Fig. 4), and in another patient a lesion was
seen more clearly, creating one false-positive result (cf.
patient B in Fig. 4). No other lesions at the bone-prosthe-
sis interface only seen on attenuation-corrected images
had a correlate on bone scanning. Therefore, attenuation
correction does not seem to be required for the detection
of infected TKAS.

These findings confirm the high sensitivity of FDG-
PET reported by others [18]. Increased uptake at the
bone-prosthesis interface was observed in al six infected
hip arthroplasties and in five of six infected knee arthro-
plasties.

The same authors also mentioned a high rate of false-
positive focal FDG uptake, especialy in TKAs (3/9,
specificity 67% compared with 88% for hip arthropla-
sties). In our study, false-positive focal FDG uptake was
seen in three patients with aseptic loosening and in an-
other patient probably due to focal synovitis near the
bone-prosthesis interface. Focal FDG uptake was also
seen in asymptomatic prostheses, although a correlate on
the bone scan was never found. Manthey et al. [19] stud-
ied 24 patients in a comparable clinical setting to ours
(15 hip and 14 knee prostheses). High glucose uptake at
the bone-prosthesis interface was considered indicative
of infection, and intermediate uptake as suspect for 100s-
ening. All five infected arthroplasties were correctly
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identified, as were four out of six loosened arthropla-
sties. Manthey et a. also noted that synovitis (FDG up-
take in the synovia only) was frequently found in TKAs
(eight TKAs versus four hip prostheses).

Loosening of a TKA. In four out of six patients with clin-
icaly suspected TKA loosening, we found the same pat-
tern of uptake on the third phase of the bone scan as is
depicted in Fig. 6. Only two patients showed a congruent
lesion on PET scan. Semiquantitative analysis using
SUVs did not allow differentiation between infected and
loosened arthroplasties. In hip prostheses a comparable
pattern (increased uptake adjacent to the femoral neck of
the prosthesis) has been described as suggestive for loos-
ening [20].

In WBC scintigraphy, leucocyte migration is visual-
ised, resulting in a high specificity for infected TKAS.
Using FDG as a marker of glucose metabolism, atotally
different and probably less specific mechanism involved
in inflammation is depicted.

In conclusion, WBC scan in combination with bone
scan revealed a high specificity for the detection of in-
fected TKAs. FDG-PET offers no added value. Especial-
ly loosened TKAs also show focal FDG uptake, proba-
bly due to sterile inflammation. Attenuation-corrected
PET images and SUV analysis did not improve the re-
sults.
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