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was 100% for both readers, whereas for
moderate infection accuracy decreased by
12% and 12% for readers one and two,
respectively. For mild infection a further
decrease of approximately 61% and 52%
occurred for readers one and two,
respectively. Quantitative evaluation gave
significantly better results over visual
interpretation with a diagnostic accuracy
of 100% for severe infection and decreased
by only 10% and 15% in patients with
moderate and mild infection, respectively.
Quantitative evaluation of 99mTc-Fab′
fragments is highly sensitive and specific
for diagnostic imaging of infection in
patients with septically-loosened TKA.

The diagnostic accuracy of infection
99mTc-labelled
scintigraphy
with
monoclonal antibody Fab′ fragments
(sulesomab) was studied in patients with
suspected total knee arthroplasty (TKA)
infection. Images from 26 patients were
evaluated by two independent readers and
compared
with
a
quantitative
interpretation of time–activity courses.
Microbiological examinations and joint
aspiration results were used as reference
standards. Histologically, aseptic TKA
loosening occurred in two patients and
severe, moderate or mild septic loosening
in four, nine and 11 patients, respectively.
Diagnostic accuracy for severe infection
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Introduction

IMAGING; 99MTC-FAB′ FRAGMENTS;

radiography and joint aspiration have
tended to have poor sensitivity or specificity,
or both. In addition, cross-sectional imaging
modalities are hampered by artefacts
produced by the prosthetic devices.1 – 5
Radionuclide imaging is unaffected by the
presence of metallic hardware and is,
therefore, useful for evaluating a painful
prosthesis. To date, the gold standard for the

Some complications of joint replacement
surgery, such as fracture or dislocation of
arthroplasty, are easily diagnosed, however
differentiating infection from aseptic
loosening is difficult because these entities
may appear remarkably similar on clinical
and histopathological examination. Clinical
signs and symptoms, laboratory tests,
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frequently necessary. In different studies,
Tc-Fab′ fragment imaging has already
proven to be an easy-to-handle antibody
with high sensitivity and specificity for
targeting infectious lesions, and without
negative side-effects.20 – 23
The present study sought to determine
whether the 99mTc-labelled Fab′ fragment,
sulesomab, is a reliable imaging tool for
resolving the problem of suspected septic
total knee arthroplasty (TKA). Specifically,
we investigated whether a quantitative
evaluation of sulesomab was superior to a
standard
reading.
Furthermore,
we
investigated whether there was a correlation
between the imaging results and the
histological and laboratory findings.

nuclear medicine imaging of infection has
been the use of radiolabelled autologous
leucocytes,6,7 however this procedure requires
ex vivo handling of blood, time-consuming
techniques and special training, and puts
laboratory personnel and patients at risk of
infection.8 There are several ways to
overcome such problems. Intact murine
antibodies are easy to handle and show
rapid results, with high sensitivity and
specificity.9 – 15 The major disadvantage of
using intact murine antibodies is the
development
of
human
antimouse
antibodies (HAMA)16 and associated allergic
reactions. The HAMA response can be
addressed in several ways. The first option is
the administration of human or humanized
antibodies.17,18 A disadvantage of these
antibodies is their low degree of specificity,
since a correct differentiation between
specific uptake in an infectious focus and
non-specific accumulation in an inflamed
lesion is often impossible. The second option
is the use of antibody fragments instead of
intact immunoglobulin G.19 Several
multicentre studies have used 99mTc-labelled
monoclonal antibody fragments (99mTc-Fab′
fragments, sulesomab) to image infection in
pre-selected groups of patients with bone
and soft-tissue infections; such studies have
demonstrated a high degree of sensitivity
and
specificity
in
these
patient
20,21
populations.
The small size of the Fab′
fragments (50 kD) means that fast imaging
is possible, as early as 1 – 4 h post-injection,
due to rapid uptake into the lesion and a
lower degree of background activity, and
results in excellent imaging quality.19
There is an increasing demand for novel
imaging methods to establish diagnosis,
especially in patient populations with
suspected low-grade infections. Such
methods should, ideally, be without any
patient side-effects, since repeated imaging is

99m

Patients and methods
PATIENTS
Between February 2006 and December 2007,
consecutive patients who had undergone
surgery for ≥ 1 year previously for either
cemented or uncemented TKA, and who were
suspected of having septic loosening, were
identified at the outpatient clinic of the
Department of Trauma, Reconstructive and
Orthopaedic Surgery of the Centre Bad
Cannstatt, Stuttgart, Germany. Patients who
had undergone surgery within 1 year were
excluded from the study owing to the
potentially confounding effects of postoperative reactive changes on scintigraphic
imaging. All eligible patients presented with
a gradual deterioration in function and
increasing pain at the site of the prosthesis,
lasting > 6 weeks. No patient was receiving
antibiotic treatment at the time of imaging.
The patients had been referred to the
radiology department for conventional
radiography of the knee joint and
fluoroscopically guided joint aspiration,
according to our standard diagnostic
protocol for cases of suspected infection.
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TC-LABELLED MONOCLONAL
ANTIBODY FAB′ FRAGMENT
SCINTIGRAPHY

The study was approved by the local
ethics committee of the Centre Bad
Cannstatt. All patients were fully informed
about the study purpose and any potential
risks, and gave their informed consent.

Characterization of the antibody, labelling
procedure and application
Sulesomab (LeukoScan®, Immunomedics®
GmbH, Darmstadt, Germany) was used,
which is a 99mTc-labelled Fab′ fragment of
IMMU-MN3, an immunoglobulin G1 murine
monoclonal antibody produced from a
hybridoma, developed by fusion of murine
myeloma (SP 2/0) cells with spleen
lymphocytes obtained from a mouse
immunized with carcinoembryonic antigen.
The antibody reacts strongly with non-specific
cross-reacting antigen 90 (NCA-90, Ka = 0.5 ×
108 ± 0.2 × 108 l/mol) present on human
granulocytes.25,26 The Fab′ fragment was
provided in a ready-to-label lyophilized kit
from Immunomedics® Inc. (Morris Plains, NJ,
USA). Labelling was achieved by adding 1000
– 1500 MBq of 99mTc-pertechnetate in isotonic
saline solution directly into a vial containing
0.3 mg of the monoclonal antibody Fab′
fragment and shaking sporadically for 5 min.
By carrying out radiolabelling in this manner,
previous studies have demonstrated < 1% free
Tc in the labelled product.26 For imaging of
patients, about 0.25 mg of sulesomab labelled
with 1110 ± 185 MBq of 99mTc-sodium
pertechnetate was diluted with saline and
injected intravenously. Patients for wholebody and single-spot views received an
activity of 555 ± 111 MBq.
Anterior and posterior whole-body and
single-spot view scans of the knees (anterior,
posterior and lateral views) were obtained 4
and 24 h post-injection, using a doubleheaded gamma camera (Prism 2000; Picker
International, Cleveland, OH, USA) with a
parallel hole, low energy, high resolution
collimator, using the 140-keV 99mTc peak, a
256 × 256 matrix and a pre-selected time of
10 min/image for single-spot views.

STANDARDS OF REFERENCE
In most patients (n = 24/26), final diagnosis
was
determined
by
microbiological
evaluation of surgical specimens and on the
basis of intra-operative findings. The criterion
for infection was based on the detection of
micro-organisms in cultures. If no microorganisms were found, the detection of local
abscess formation and the presence of
neutrophilic
granulocytes
were
also
considered, to indicate that infection was
definitely present. In 2/26 patients, diagnosis
of infection was based on the results of joint
aspiration together with clinical findings after
a minimum follow-up of 6 months (range 6 –
14 months). No infection was assumed to be
present in patients who had negative
microbiological results after joint aspiration;
normal erythrocyte sedimentation rates (ESR),
C-reactive protein (CRP) levels and white
blood cell (WBC) counts; or improvements in
clinical symptoms > 6 months.
Histological specimens
Histological specimens were classified as: (i)
severe (pus, necrotic-granular plasma cells,
lymphocytic infiltrate, or plasma cells and
lymphocytes only); (ii) moderate (plasma
cells, lymphoplasmacellular infiltrates,
beginning of granulation and scar tissue);
and (iii) mild (very little lymphoplasmacellular infiltrate; mostly sclerosis and scar
tissue present).24
Laboratory evaluation
A minimum of 2 months’ follow-up was
required during which WBC, ESR and CRP
levels were monitored.
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Visual image analysis

established. A true-negative scan was defined
as a normal scan obtained in a patient, with
no infectious or inflammatory basis found
during subsequent extensive investigations.

Visual image analysis of sulesomab scans
was performed by two independent, boardcertified, experienced nuclear physicians,
each with > 5 years’ experience with
sulesomab scans, who were blinded to the
results of other studies. These readers were
different from those involved in the
evaluation of other assessments. The
intensity of sulesomab uptake in each zone
was graded on a four-point scale as follows:
1, sulesomab uptake was similar to that in
the bone marrow; 2, sulesomab uptake was
increased minimally over that in bone
marrow; 3, sulesomab uptake was distinctly
higher than uptake in bone marrow; 4,
sulesomab uptake was two or more times
greater than uptake in bone marrow.

STATISTICAL EVALUATION
Sensitivity, specificity and accuracy values
for 99mTc-monoclonal Fab′ fragments
(sulesomab) in the diagnosis of TKA
infection were calculated separately for each
reader, and quantitative measurements were
made according to standard algorithms.
Data were expressed as mean ± SD. The
inter-observer agreement for each imaging
modality was determined with κ-statistics: κvalues < 0.40 indicated poor agreement; 0.40
– 0.75 indicated fair to good agreement; and
> 0.75 indicated excellent agreement.28
Diagnostic confidence was classified
according to the following system: 0, high
likelihood that no infection was present (i.e.
both readers diagnosed no infection); 1,
presence of infection was uncertain (i.e.
readers’ diagnoses were conflicting); 2, high
likelihood of infection (i.e. both readers
diagnosed infection). Diagnostic confidence
was calculated separately for sensitivity and
specificity values and was compared with the
sign test. Non-parametric Mann–Whitney Utests were used to analyse variables across the
patients studied. In vitro laboratory tests were
analysed for significant differences using the
paired Student’s t-test. P-values < 0.05 were
considered to be statistically significant.

Quantitative scintigraphic evaluation
Activity around the knee prosthesis was
compared with activity of the pelvic bone
marrow using regions of interest. Bone
marrow regions were drawn as large as
possible, with the shape and size of regions
around the knee being dependent on the
shape and size of activity in this area.
Regions were copied from early- to latephase views. A septic arthroplasty was
present if the ratios in one of the regions
around the TKA increased > 10% from the
early to the late phase; the 10% threshold
allowed differentiation between septic and
aseptic abnormalities of joint prostheses.27
A scan was regarded as true-positive when
an infectious or inflammatory cause for the
abnormal uptake was confirmed by biopsy,
culture and laboratory findings. It was scored
as false-positive when an infectious or
inflammatory basis for the uptake was
unconfirmed. A false-negative scan was
defined as a scan without abnormal uptake
around the TKA, although infectious or
inflammatory aetiology was subsequently

Results
DEMOGRAPHIC DATA
A total of 26 patients, 18 with cemented and
eight with uncemented TKA, were evaluated.
Twenty of the patients had undergone
primary implantation and six had
undergone revision arthroplasty of the knee.
Patient demographic data for the 24 patients
with infection are shown in Table 1. There
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1

2
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Age
(years)

58
M
F
F
F
M
F
M
F
F
M
F

M
M
F
F
F
F
F
M
F

F

M
F

M
87
116

104

CRP
(mg/l)

51
46

44

ESR
(mm/h)

18.9
15.0

16.4

WBC
(x109/l)

2
121
55
19.5
3.0 ± 1.0 107 ± 13.1 49.0 ± 9.04 17.4 ± 2.5
—
43
25
14.1
—
44
22
9.6
4
48
23
8.5
—
56
22
12.8
2
34
25
15.6
3
39
18
14.2
—
51
31
7.2
—
39
36
15.1
3
46
34
12.5
3.0 ± 1.0 44.4 ± 11.1 26.2 ± 10.04 12.1 ± 3.7
—
33
22
11.3
3
36
23
11.2
—
25
17
13.2
—
44
8
12.2
—
45
22
13.2
2
10
10
7.3
—
8
16
8.4
—
15
16
9.4
—
22
6
8.3
4
36
10
8.8
—
22
15
9.8
3.0 ± 1.00 26.9 ± 15.1 15.00 ± 9.22 10.2 ± 2.6

2
3

3

Fever
Gender (weeks)

Staphylococcus epidermidis
Streptococcus viridans
Staphylococcus epidermidis
—
Escherichia coli
—
—
—
—
—
—

Peptostreptococcus magnus
Staphylococcus epidermidis
Staphylococcus aureus
Staphylococcus epidermidis
Staphylococcus epidermidis
Staphylococcus aureus
—
Staphylococcus epidermidis
Pseudomonas aeruginosa

Coagulase-negative
Staphylococcus
Staphylococcus epidermidis
Coagulase-negative
Staphylococcus
Pseudomonas aeruginosa

–/+/+
–/+/–
–/+/–
+/+/–
+/+/+
+/+/+
+/–/–
+/+/–
+/+/+
+/+/–
+/+/–

+/+/–
+/+/–
+/+/–
+/+/–
+/+/–
+/–/–
+/+/–
+/–/–
+/+/–

+/+/+

+/+/+
+/+/+

+/+/+

Isolated micro-organism Sulesomab

+ or – signs indicate intensity of blood flow visually and increase or decrease, respectively, in uptake over time for 99mTc-monoclonal Fab′ fragments (sulesomab).
Normal values: C-reactive protein (CRP) ≤ 8.0 mg/l, erythrocyte sedimentation rate (ESR) < 15 mm/h, white blood count (WBC) 4.0 – 11.0 × 109/l.
a
Histological specimens: severe – pus, necrotic-granular plasma cells, lymphocytic infiltrate, or plasma cells and lymphocytes only; moderate – plasma cells,
lymphoplasmacellular infiltrates, beginning of granulation and scar tissue; mild – very little lymphoplasmacellular infiltrate, and mostly sclerosis and scar tissue.

4
49
Mean ± SD 67.75 ± 17.25
Moderate
1
71
2
85
3
66
4
49
5
74
6
69
7
72
8
81
9
67
Mean ± SD 70.44 ± 14.56
Mild
1
68
2
56
3
54
4
62
5
78
6
62
7
76
8
75
9
59
10
83
11
84
Mean ± SD 68.81 ± 15.19

Severe

Septic TKA
looseninga Patient

TABLE 1:
Demographic data, laboratory evaluation and infection details for the 24 patients with severe, moderate or mild septic total
knee arthroplasty (TKA) loosening
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in combination with a tibial fatigue fracture
that had not been prospectively diagnosed at
conventional radiography.

were 17 females (age range 49 – 84 years,
mean 71 years) and nine males (age range
68 – 85 years, mean 76 years). According to
the results of the Mann–Whitney U test there
were no significant differences between the
mean ages of males and females. The mean
time between the last surgical intervention
at the site of the involved TKA and study
inclusion was 71 months (range 12 – 260
months).

99M

TC-LABELLED MONOCLONAL
ANTIBODY FAB′ FRAGMENT
SCINTIGRAPHY
Visual image analysis and inter-observer
agreement
With the use of diffusely increased grade 3 or
4 sulesomab uptake as a criterion for
infection, results of sulesomab were truepositive in all four patients with severe
infection (images from one patient shown in
Fig. 1).
Of the nine patients with moderate
infection, results were true-positive in four
patients for both readers (images from one
patient shown in Fig. 2). Results of
sulesomab were false-positive in two patients
(reader one) and three patients (reader two)
of the nine patients in whom a foreign body
reaction with granuloma and a hyperplastic
capsule were seen at surgery. For three of
these patients, histopathological analysis
revealed inflammatory cells – including
histiocytes, giant cells and fibrovascular
tissue – associated with foreign-body
reactions. Results were false-negative in three
of the patients for reader one and in two of
the patients for reader two. In two patients
with false-negative findings, focally
increased grade 2 peri-prosthetic uptake was
observed and, in one patient, uptake in the
tibial region was difficult to interpret owing
to overlying venous varicosis.
Of the 11 patients with mild infection (Fig.
3), true-positive results were found for three
patients for reader one and four patients for
reader two. False-negative results were found
in six patients by both readers; in all these
patients, grade 2 sulesomab uptake was
similar to the surrounding normal bone
marrow uptake. Unequivocal results with

INFECTION DATA
Of the 26 patients who underwent surgery, 24
patients were found to have infection on the
basis of the results of microbiological tests.
The results of joint aspiration and laboratory
findings excluded infection in two patients.
Histologically, in the 24 patients with
infection, symptoms were classified as severe
in four patients (pus, necrotic-granular
plasma cells, lymphocytic infiltrate [three
patients], plasma cells and lymphocytes only
[one patient]); moderate in nine patients;
and mild in 11 patients. Those with severe
infection had elevated infection parameters:
three patients had fistulae and one patient
had a soft-tissue abscess adjacent to the
prosthesis. Patients with moderate and mild
infections
had
decreasing
infection
parameters. The micro-organisms found in
the three classes of patients are shown in
Table 1. In patients where no microorganisms were found, the diagnosis of
infection was based on the presence of
abundant neutrophilic granulocytes, plasma
cells, lymphoplasmacellular infiltrates and
the formation of scar tissue, in combination
with local abscess formation. Two of the 26
patients who underwent surgery had no
infection on the basis of findings at joint
aspiration. One of these patients had a
foreign-body reaction to polyethylene debris
with granuloma formation and the other had
an aseptic loosening of the entire prosthesis
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A

B
Right

Left

Right

Left

FIGURE 1: Patient with severe coagulase-negative Staphylococcus total knee
arthroplasty infection. (A) Anterior and (B) lateral single spot views of 99mTcmonoclonal Fab′ fragments (sulesomab) images showing pathologically increased
uptake around the prosthesis at 4 h post-injection

A

B
Anterior

Posterior

C

Right

Right

Left

Left

FIGURE 2: Patient with moderate Staphylococcus epidermidis total knee arthroplasty
(TKA) infection. (A) Infection in a whole body scan at 4 h post-injection at the right
TKA; single view spots with 99mTc-monoclonal Fab′ fragments (sulesomab) showing
increased uptake around the TKA at (B) 4 h post-injection and (C) 24 h post-injection
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A

B

FIGURE 3: Patient with mild Streptococcus viridans total knee arthroplasty (TKA)
infection. Single spot views of 99mTc-monoclonal Fab′ fragments (sulesomab) showing
decent uptake around the TKA at (A) 4 h post-injection and (B) 24 h post-injection
with slightly increasing target to background ratio
agreement in patients with severe infection,
with a κ-value > 0.75. Inter-observer
agreement decreased with a decrease in
grade of infection (moderate infection, κvalue 0.49; mild infection, κ-value 0.25).
Calculating the diagnostic confidence for
sensitivity and specificity values separately
revealed that sulesomab had excellent
results in patients with severe infections (P =
0.009), whereas values of confidence
decreased in patients with moderate and
mild infections (P = 0.035).

grade 2 uptake or less were found in two
patients for reader one and one patient for
reader two, which for final analysis were
added to the group of false-negative results.
In most of these patients, histopathological
analysis revealed lymphoplasmacellular
infiltrate and sclerosis.
Sulesomab sensitivity, specificity and
accuracy for readers one and two are shown
in Table 2. The 99mTc-labelled monoclonal
antibody Fab′ fragment scintigraphy
(sulesomab) had excellent inter-observer

TABLE 2:
Inter-observer agreement between two readers for visual sulesomab interpretation
(qualitative evaluation). Sensitivity, specificity and accuracy values for 99mTc-monoclonal
Fab′ fragments (sulesomab) in the diagnosis of the different grades of total knee
arthroplasty infection calculated separately for readers one and two
Reader one
Reader two

Sensitivity
Specificity
Accuracy

Severe
infectiona

Moderate
infectiona

Mild
infectiona

Severe
infectiona

Moderate
infectiona

Mild
infectiona

100%
100%
100%

57%
66%
88%

27%
34%
27%

100%
100%
100%

66%
57%
88%

36%
39%
36%

aHistological

specimens: severe – pus, necrotic-granular plasma cells, lymphocytic infiltrate, or plasma cells
and lymphocytes only; moderate – plasma cells, lymphoplasmacellular infiltrates, beginning of granulation
and scar tissue; mild – very little lymphoplasmacellular infiltrate, and mostly sclerosis and scar tissue.
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Quantitative image analysis and
statistical evaluation

55%, false-negative results in one patient
with uptake that decreased by 8% and a
false-positive result in one patient.
Histopathological analysis of the patient
with the false-negative result revealed
inflammatory cells with predominantly
histiocytes, giant cells, fibrovascular tissue
and few granulocytes only. For the 11
patients with mild infection (such as the
patient in Fig. 4) true-positive results were
found in eight patients, with increase of

Quantitative evaluations of sulesomab in
patients with severe infection gave truepositive results in all four patients, with
ratios in one of the regions around the TKA
that increased between 45% and 145% from
the early to the late phase. For the nine
patients with moderate infection, truepositive results were found in seven patients,
with increased uptakes between 25% and
4h post-injection
Bone marrow
region
1
2
3
4
BG
Region
SUM
AVG
Region
SUM
AVG
Region
SUM
AVG

SIZE
pixels
877
2103
841
432
499
[1.5]
29%
22%
[1.4]
31%
24%
[1.6]
11%
22%

AVG
counts/pixel
13.4
54.5
13.2
19.4
0.2
[1.1]
71%
78%
[1.1]
69%
76%
[1.1]
89%
78%

SUM
counts
45 932
22 432
10 900
3955
125
RATIO
0.41
0.28
RATIO
0.45
0.32
RATIO
0.12
0.28

AVG
counts/pixel
12.9
3.4
5.3
3.5
0.2
[2.1]
66%
72%
[2.1]
74%
72%
[2.2]
86%
71%

SUM
counts
19 112
7955
3824
955
83
RATIO
0.62
0.38
RATIO
0.40
0.43
RATIO
0.15
0.33

24h post-injection
Bone marrow
region
1
2
3
4
BG
Region
SUM
AVG
Region
SUM
AVG
Region
SUM
AVG

SIZE
pixels
877
2103
841
432
499
[2.5]
41%
28%
[2.4]
30%
31%
[2.4]
13%
24%

FIGURE 4: The same patient with mild Streptococcus viridans total knee arthroplasty
(TKA) infection as shown in Fig. 3, showing 99mTc-monoclonal Fab′ fragments
(sulesomab) quantitative evaluation of the time–activity course in sections of wholebody scans. Number 1 indicates the bone marrow region; numbers 2 – 4 indicate
regions around the TKA; and B/BG denotes the background region. For each region,
pixel size, counts/pixel and the sum of counts are given. For each region around the
TKA, the ratio to the bone marrow region was calculated (SUM, without and AVG, with
plain normalization). The numbers in square brackets denote the regions for which the
ratio was calculated. Percentages indicate the single region counts as a percentage of
the sum of the counts in the two compared regions. For final count evaluation the
counts/pixel ratios were applied. Increase in the plain corrected ratio ranged from 31%
to 52%, indicating the diagnosis of infection
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cellular infiltrates (such as number of
granulocytes) and sulesomab (P = 0.008).
The greatest correlation was found when
sulesomab was evaluated quantitatively,
especially in patients with moderate and
mild TKA infections (P = 0.0011) (Fig. 5).

uptake between 13% and 27% and falsenegative results in three patients.
Histopathological analysis in these three
patients revealed lymphoplasmacellular
infiltrate, mostly sclerosis, scar tissue and
no granulocytes. There were no falsepositive results following quantitative
evaluation in patients with mild infection.
The quantitative analysis of sulesomab for
sensitivity, specificity and accuracy in
patients with severe, moderate and mild
infections is depicted in Table 3. No
correlation could be found for increase of
sulesomab uptake within 24 h and the type
of micro-organism responsible for infection.
Calculation of diagnostic confidence
showed that quantitative evaluation of
sulesomab increased significantly in
sensitivity and specificity with the decrease
in grade of infection compared with visual
interpretation. A gain of specificity was
especially seen for the quantitative
evaluation of sulesomab in patients with
moderate and mild infection (P = 0.008 and
P = 0.0011, respectively).

Laboratory findings
There was a strong correlation between WBC
(16.4 – 19.5 × 109/l), ESR (44 – 55 mm/h) and
CRP (87 – 121 mg/l) levels and the results of
quantitatively evaluated sulesomab (increase
of uptake 45 – 145% within 24 h; P = 0.001)
in patients with severe TKA infections. WBC
levels tended to be normal in patients with
moderate/mild TKA infections while ESR and
CRP levels were moderately increased in these
patients (Table 1). In patients with
moderate/mild TKA infections the best
correlation was found between CRP levels (8 –
56 mg/l), ESR levels (6 – 36 mm/h) and
sulesomab (increase of uptake 25 – 55%
within 24 h; P = 0.009), whereas no
significant correlation could be found with
WBC levels. CRP levels showed significant
differences (P = 0.0001) between the three
classes of infection and greatest overall
correlation with sulesomab (P = 0.009).

STANDARDS OF REFERENCE
Histological findings
There was no correlation between the type of
micro-organism found and sulesomab, but
there was a good correlation between

Discussion
An increasing number of surgeons express

TABLE 3:
Significances for quantitative evaluation of sulesomab. Sensitivity, specificity and accuracy
values for 99mTc-monoclonal Fab′ fragments (sulesomab) in the diagnosis of different
grades of total knee arthroplasty infection calculated quantitatively using the regions of
interest method
Severe infectiona Moderate infectiona
Sensitivity
Specificity
Accuracy

100%
100%
100%

88%
> 90%
> 90%

a

Mild infectiona
72%
66%
85%

Histological specimens: severe – pus, necrotic-granular plasma cells, lymphocytic infiltrate, or plasma cells
and lymphocytes only; moderate – plasma cells, lymphoplasmacellular infiltrates, beginning of granulation
and scar tissue; mild – very little lymphoplasmacellular infiltrate, and mostly sclerosis and scar tissue.
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A

B

FIGURE 5: Histological specimens from two different patients with severe total knee
arthroplasty (TKA) infection. (A) Strong cellular infiltrates with severe coagulasenegative Staphylococcus infection (patient 1) showing polyethylene wear particles
(small arrow) surrounded by leucocytes and parenchymal cell debris (star) (septic
loosening) as well as macrophages and multinuclear giant cells (large arrow).
Polarization microscopy, haematoxylin and eosin (H & E) staining, iron reaction,
original magnification ×100. (B) Tibial bone cross-section showing severe
Staphylococcus epidermidis TKA infection within the bone (patient 2). H & E staining.
be limited to the axial skeleton and proximal
appendicular skeleton, with any labelled
leucocyte activity outside this distribution
ascribed to infection. In fact, the distribution
of haematopoietically active marrow is
extremely variable and can be affected by
various entities, including tumours, fractures,
haemolytic anaemias and even orthopaedic
hardware.7,30 Clearly, the explanation for the
inconsistent results reported for labelled
leucocyte imaging is thus neither chronicity
nor non-specific inflammation, but rather a
visual inability to distinguish uptake of
labelled leucocytes in infection from uptake in
aberrantly located, but otherwise normal,
bone marrow.
This problem can be overcome in two
ways: by the addition of complementary
bone marrow imaging, which is usually
performed with 99mTc-sulphur colloid,7,31 or
by quantitative evaluation of granulocyte
migration within 24 h of imaging. The first
method requires a further radionuclide

interest in the early and specific differential
diagnosis of septic or aseptic TKA loosening
and this will become even more important
because the total number of TKA procedures
performed in the USA is expected to increase
more than five-fold, from approximately
428 000 in 2005 to nearly 2.16 million by
2030.6
The present study achieved excellent
results with 99mTc-monoclonal Fab′ fragments
(sulesomab) in patients with severe TKA
infections, whereas inter-observer agreement
and diagnostic accuracy decreased in patients
with moderate and mild TKA infections. This
is consistent with similar studies using 99mTchexamethylpropylene amine oxime (99mTcHMPAO)-labelled granulocytes or 111In-oxinelabelled granulocytes for imaging infection of
suspected prosthesis loosening.29 Love et al.30
showed that labelled leucocytes accumulate
not only in infected areas but also in the bone
marrow. Historically, haematopoietically
active marrow in adults has been assumed to
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and an overall diagnostic accuracy > 90%
was found. In patients with mild TKA
infection diagnostic accuracy still was 85%.
This is very important since the majority of
patients seen in daily clinical settings are
patients with ‘low grade’ infections.
Furthermore, in the present study an
excellent correlation was found between
WBC, ESR and CRP, and the results of 99mTcmonoclonal Fab′ fragments (sulesomab) in
patients with severe and severe-to-moderate
infections. In particular, CRP correlated best
with the various grades of infection; it
showed significant differences between the
three classes of infection and a valuable
correlation with the imaging results of 99mTcmonoclonal Fab′ fragments (sulesomab).
Nevertheless, it is important to compare
the results of the present study with those
obtained using other radionuclide imaging
modalities for the evaluation of knee
prostheses. Ciprofloxacin (sensitivity 86%,
specificity 78%)33 and 111In-labelled WBC
(sensitivity 83%, specificity 94%)34 were
unable to exclude infection of knee
prostheses with certainty. In addition,
fluorine-18 fluorodeoxyglucose positron
emission tomography (sensitivity 91%,
specificity 72%)35 could not exclude infection
in all cases. Compared with these studies,
quantitatively evaluated 99mTc-monoclonal
Fab′ fragments (sulesomab) (moderate
infection sensitivity 88%, moderate infection
specificity > 90%) targeted at circulating
granulocytes seem to be superior.
Limitations of the present study included
a high infection prevalence – this was related
to the prospective nature of the study –
therefore there was a high confidence for
sensitivities. The low κ-values in our study
may not exclusively reflect the uncertainty of
the various readers in diagnosing an
infection in TKA with the current imaging
modalities. Moreover, κ-values are strongly

investigation
which,
taking
into
consideration the cost effectiveness and
considerable time involved, is less preferable.
The second method allows a quantitative
estimate to be made of the migration of
99m
Tc-monoclonal
Fab′
fragments
(sulesomab)-labelled circulating granulocytes
into the infected focus and normal bone
marrow. While there is also non-specific
extravasation of the free monoclonal Fab′
fragments into infected areas, specific
accumulation of activity in the infected focus
is largely caused by chemotaxis of
monoclonal Fab′ fragments (sulesomab)labelled circulating granulocytes. This is
supported by the results of Steinsträsser et
al,32 who found that, for complete
antibodies, 25% of the injected activity was
cell bound, with a nearly constant level of
cell bound activity over time. This also seems
to be true for fragmented antibodies.22,23
To our knowledge, the present study is the
first to evaluate the diagnostic efficacy of
radionuclide imaging in patients with
histologically established different grades of
TKA infection. We demonstrated that
quantitative interpretation using early- and
late-phase views of 99mTc-monoclonal Fab′
fragments (sulesomab)-labelled circulating
granulocytes gave significantly better results
over
visual
observer
interpretation,
especially in patients with moderate and
mild infections. In the latter patients, a
visual differentiation between uptake in
infectious foci and normal surrounding bone
marrow was often not possible. Instead, with
quantitative evaluation of 99mTc-monoclonal
Fab′
fragment
(sulesomab)-labelled
circulating granulocytes, normal uptake in
bone marrow physiologically decreased
within 24 h, whereas in infectious foci there
was a significant increase in uptake. Thus, in
this particular group of patients with
moderate TKA infection, a specificity > 90%
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showed 99mTc-monoclonal Fab′ fragments
(sulesomab) to be useful in the assessment of
septic TKA. In combination with CRP
imaging, suspected TKA infection with 99mTcmonoclonal Fab′ fragments (sulesomab)
seems to be a promising diagnostic tool.

influenced by disease prevalence.
Further studies are needed to evaluate
whether 99mTc-monoclonal Fab′ fragment
(sulesomab) scintigraphy is able to identify
painful TKAs with occult infections not
identified by aspiration, and whether both
imaging methods can identify infection in
patients with normal knee aspiration and
screening laboratory tests (WBC, ESR, CRP).
In conclusion, however, the present study
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