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Abstract

Purpose To retrospectively evaluate the diagnostic value of
""E-FDG PET/CT in trauma patients with suspected
chronic osteomyelitis.

Methods Thirty-three partial body '"*F-FDG PET/CT scans
were performed in 33 patients with trauma suspected of
having chronic osteomyelitis. In 10 and 23 patients,
infection was suspected in the axial and appendicular
skeleton, respectively. In 18 patients, PET/CT was per-
formed in the presence of metallic implants. Histopathology
or bacteriological culture was used as the standard of
reference. For statistical analysis, sensitivity, specificity and
accuracy were calculated in relation to findings of the
reference standard.

Results Of 33 PET/CT scans, 17 were true positive, 13 true
negative, two false positive and one false negative.
Eighteen patients had chronic osteomyelitis and 15 had no
osseous infection according to the reference standard.
Sensitivity, specificity and accuracy for '*F-FDG PET/CT
was 94%, 87% and 91% for the whole group, 88%, 100%
and 90% for the axial skeleton and 100%, 85% and 91% for
the appendicular skeleton, respectively.
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Conclusion "*F-FDG PET/CT is a highly sensitive and
specific method for the evaluation of chronic infection in
the axial and appendicular skeleton in patients with trauma.
PET/CT allows precise anatomical localisation and char-
acterisation of the infectious focus and demonstrates the ex-
tent of chronic osteomyelitis with a high degree of accuracy.
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Introduction

In traumatology, establishing the diagnosis of chronic osteo-
myelitis and differentiating soft tissue infection, bone
infection and fracture non-union is often difficult with the
current imaging techniques, especially if normal bone
anatomy has been altered by previous infections or bone
regeneration. White blood cell count, C-reactive protein and
erythrocyte sedimentation rate lack sensitivity, particularly
in low-grade infection. Thus more reliable investigations are
needed for precise diagnosis and to assist in decision making
about further therapy [1, 2]. The treatment of chronic
osteomyelitis is primarily surgical because the complete
debridement of all devitalised bone and soft tissue is
essential for cure [3].

The diagnosis of musculoskeletal infections entails a
variety of imaging methods. Magnetic resonance imaging
(MRI) is currently the most widely used imaging method
and it provides anatomical details as well as visualising
abnormalities of bone marrow, joints and surrounding soft
tissues with high sensitivity [4]. Computed tomography
(CT) has proven to be a useful adjunct to MRI. However,
MRI and CT are of limited value in the presence of metallic
implants owing to susceptibility and beam-hardening arte-
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facts [5, 6]. Three-phase bone scan has been the accepted
examination for the initial evaluation for osteomyelitis, but
its findings can be complicated by previous surgery and
trauma. Combined '''In-labelled leucocyte scintigraphy
and complementary **™Tc-sulphur colloid marrow scintig-
raphy is the method of choice for post-traumatic infection
imaging. Sensitivities of 100% and specificities ranging
from 91% to 94% have been described [7, 8].

'8F_fluorodeoxyglucose positron emission tomography
(FDG PET) imaging has been reported to be highly
sensitive and specific in the diagnosis and exclusion of
chronic osteomyelitis [9-13]. Unlike MRI and CT, FDG
PET images do not show substantial implant-associated
artefacts or tissue oedema, which can interfere with image
interpretation in trauma patients with osteosynthetic metal-
lic implants [12]. FDG PET has shown excellent results in
imaging the axial skeleton as physiological uptake of FDG
in bone and bone marrow is relatively low and FDG is only
taken up into activated white blood cells.

In comparison with PET imaging alone, combined PET/
CT imaging is supposed to have further advantages in
providing additional anatomical information and character-
isation of the infectious lesion, which is important for
surgical planning. However, data are still missing.

Therefore the purpose of this study was to evaluate the
diagnostic value of '®F-FDG PET/CT in patients with
trauma and suspected chronic osteomyelitis in the axial and
appendicular skeleton.

Materials and methods
Patients

Between March 2003 and March 2005, 38 partial body
"F-FDG PET/CT scans were obtained in 37 patients with
trauma who were suspected of having chronic osteomye-
litis. Of the 37 eligible patients, four were excluded owing
to missing histopathological findings and/or microbiologi-
cal evaluation of the suspected area of infection. In the
remaining 33 patients (33 PET/CT scans), the site of in-
fection was located in 10 and 23 patients in the axial and
appendicular skeleton, respectively. Nineteen patients were
referred to PET/CT by the Department of Surgery, Division
of Trauma Surgery, University Hospital Zurich, nine
patients by the Department of Orthopaedic Surgery,
Orthopaedic University Hospital Balgrist, Zurich, and five
by smaller peripheral hospitals. Seven women and 26 men
were included in the study (age range 17-80 years, mean
age 50). Eighteen of the patients had metallic implants
close to the suspected infectious focus when PET/CT was
performed. Three of them had prosthetic devices. On the

basis of PET findings reported in the literature [14, 15], any
patients who had experienced trauma or had undergone a
surgical intervention on affected bone during the 6 months
prior to the PET/CT examination were to be excluded;
however, this applied to none of the 33 patients. None of
the examined patients was receiving antibiotic treatment at
the time of PET/CT scanning. None of the examined
patients were immunocompromised.

The indication for the PET/CT investigation was based
on clinical signs and laboratory findings. Inclusion criteria
were: suspected chronic osteomyelitis with symptoms of
infection lasting more than 6 weeks or presence of recurrent
osteomyelitis [9, 10]. All of the 33 included patients had
presented with pain at motion or rest for more than 6 weeks.
Seven of the 33 patients were suspected to have a relapse of
a previously treated osteomyelitis. Four patients presented
with a fistula and one with a soft tissue ulcer.

The records of all patients were reviewed (A.H., K.E., C.
D.) in accordance with the ethical guidelines of the hospital
institutional review board. The clinical influence on
management of FDG PET/CT was assessed retrospectively
by two orthopaedic staff surgeons (K.E., C.D.).

PET/CT imaging protocol

Imaging was performed using an integrated PET/CT in-line
system (Discovery LS, GE Medical Systems, Waukesha,
WI, USA). A GE Advance NXi PET scanner and a
multislice helical CT (LightSpeed plus scanner) were
integrated in this dedicated system. The axes of both
systems were mechanically aligned to coincide perfectly.
The offset between the CT and PET scanner sensitive fields
of view along the table axis was 60 cm. The same table was
used to acquire PET and CT images. The table excursion
permitted scanning of six contiguous PET sections covering
867 mm. In all examined patients at least four contiguous
PET sections were acquired to image the involved bone.
The PET and CT data sets were acquired on two
independent computer consoles, which were connected by
an interface to transfer CT data to the PET scanner.

The patients were asked to fast for at least 4 h prior to
the study and compliance was controlled by a blood
glucose test value lower than 7 mmol/l. No patient had a
history of diabetes. Fifty to 60 min prior to scanning, the
patients received an intravenous injection of 300—400 MBq
of FDG, which was produced in-house using a 17.8-MeV
Cyclotron (PET Trace 2000; GE Medical Systems,
Uppsala, Sweden) and automated FDG synthesis modules
(PET Tracer Synthesizer; GE Nuclear Interface, Miinster,
Germany). Attenuation correction was performed using the
built-in rotating **Ge sources. A multiplicative iterative
reconstruction algorithm for improvement of image quality
and reduction of computation time was employed [16].
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For viewing the images, the PET and CT data sets were
transferred to an independent, PC-based computer worksta-
tion by DICOM transfer. All viewing of co-registered
images were performed with dedicated software (X-Xeleris
workstation; GE Medical Healthcare, Waukesha, WI, USA).

Evaluation of PET/CT images

Two board-certified nuclear medicine physicians with
extended CT experience (at least 6 years) evaluated the
selected cases in consensus to ascertain the localisation and
the degree of FDG uptake. They were blinded to the results
of other imaging studies and the final diagnosis. Images
were analysed as follows. First, physiological FDG uptake
such as that in muscles was identified and excluded from
further analysis. The intensity of FDG uptake was graded on
a five-point scale as follows: a score of 0 indicated that FDG
uptake was comparable to the background, of 1 that FDG
uptake was low and comparable to uptake in inactive
muscles and fat, of 2 that FDG uptake was moderate, clearly
noticeable and distinctly higher than uptake into inactive
muscles and fat, of 3 that FDG uptake was strong, but
distinctly below FDG uptake noted in normal cerebral cortex
or urinary bladder, and of 4 that FDG uptake was very strong
and comparable to that in normal cerebral cortex or urinary
bladder. This grading scale was adapted from Stumpe et al.
[17, 18]. However, in contrast to the definition given there,
we sometimes used the cerebral cortex and sometimes the
bladder as an FDG uptake reference point, depending on
the location of the affected bone. No patient had a history
of renal failure. A receiver operating curve analysis using
the above grading scale had shown that classifying grade 3
and 4 lesions as infectious foci yields the best discrimina-
tion between infected and non-infected lesions [12].
Therefore, we used increased FDG uptake of grade 3 and
4 as the criterion for infection in our study.

Attenuation-corrected images and non-attenuation-cor-
rected images were used for image interpretation in order to
avoid false positive findings due to metallic artefacts. The
diagnosis of an artefact was made if increased FDG uptake
was shown on the attenuation-corrected images without any
uptake on the non-attenuation-corrected images. The
diagnosis of infection was only made if grade 3 and 4
uptake was clearly visible on the attenuation-corrected and
non-attenuation-corrected images.

From these data, sensitivities, specificities and accuracies
were calculated for all data and for the axial and
appendicular skeleton, respectively.

Standard of reference

The final diagnosis was made on the basis of the
histopathological findings and microbiological evaluation
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of the surgical specimens. Histopathological features
indicating chronic osteomyelitis included necrotic bone,
new bone formation, leucocyte exudation joined by
lymphocytes, histiocytes and occasional plasma cells.

Results

Of the 33 included patients with trauma and clinical
suspicion of chronic osteomyelitis, 18 had osteomyelitis
according to the reference standard. The 15 patients without
a diagnosis of osteomyelitis presented with soft tissue
infection (n=7), fracture non-union (n=3), a foreign body
reaction against the metallic device (n=1) or without
infection (n=4) (Table 1).

In 11 of the 18 patients with chronic osteomyelitis,
microorganisms could be detected in culture and the
diagnosis of infection was made. Staphylococcus aureus
was identified in six patients, including two with multi-
resistant Staphylococcus aureus, Propionibacterium acnes
in four patients and Bacillus subtilis in one patient. In seven
of the 18 patients with osteomyelitis, no microorganisms
were found, and the diagnosis of infection was based on the
presence of local abscess formation, neutrophilic granulo-
cytes, an elevated CRP and clinical follow-up for at least
6 months. Three patients with an osteomyelitis presented
with the additional diagnosis of a fracture non-union.

The overall sensitivity, specificity and accuracy were
94%, 87% and 91% (n=33). The sensitivity, specificity and
accuracy for evaluation of the axial skeleton (2=10) were
88%, 100% and 90%, respectively. The corresponding
values for the subgroup of 23 patients with suspected
osteomyelitis in the appendicular skeleton were 100%, 85%
and 91%, respectively.

All osseus infections except one were correctly identified
as osteomyelitis at FDG PET/CT (Figs. 1, 2 and 3). There
was one false negative result in the axial skeleton in a
patient with osseous infection of the mandible showing
osseous necrosis intraoperatively.

Thirteen of the 15 patients who had no osseous infection
were classified as true negative at FDG PET/CT (Fig. 4).
There were two false positive findings in the appendicular
skeleton in the study. One false positive result was found in
a patient with a foreign body reaction to the prosthetic
device. The patient presented with a hemiarthroplasty of the
hip. Polyethylene particles and metal wear particles were
detected at the time of surgery.

The second false positive result was found in a patient
with the diagnosis of a fracture non-union of the left distal
femur and grade 3 FDG uptake on PET (Fig. 5). Although
the CT part showed a fracture non-union, the latter case was
classified as positive owing to strong FDG avidity within
the area of the fracture in PET.
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Table 1 Data of patients with suspected chronic osteomyelitis in the axial and peripheral skeleton

Patient no./  Site of FDG Metallic  Final diagnosis Type of FDG-PET/  Clinical findings
sex/age (yr)  suspected grade®  implant diagnosis CT result
infection
1/M/17 Lumbar spine 3 Yes Osteomyelitis Microbiological TP Pain, increasing infection
parameters
2/M/80 Lumbar spine 0 Yes No infection Microbiological TN Pain, increased CRP
3/F/50 Mandible 1 Yes Osteomyelitis with Microbiological ~FN Pain, relapse
necrosis
4/F/75 Lumbar spine 4 Yes Osteomyelitis Microbiological TP Pain
5/M/65 Tibia 4 Yes Osteomyelitis Microbiological TP Pain, relapse
6/M/49 Foot 1 No Soft tissue infection Microbiological TN Pain
7/M/38 Tibia 4 Yes Osteomyelitis, fracture Microbiological TP Pain
non- union
8/M/31 Lower leg 2 No Soft tissue infection Microbiological TN Pain, secretion and fistula
9/M/41 Femur 4 No Osteomyelitis Microbiological TP Pain, fistula
10/F/26 Lower leg 1 No Soft tissue infection Microbiological TN Pain, fistula
11/M/48 Lower leg 4 No Osteomyelitis Microbiological TP Relapse, pain, tenderness
12/M/64 Lower leg 4 No Osteomyelitis Microbiological TP Pain, fistula, relapse
13/M/54 Femur 0 No Soft tissue infection Microbiological TN Pain
14/M/78 Lower leg 0 No Soft tissue infection Microbiological TN Pain, secretion from stump
15/M/48 Tibia 3 Yes Osteomyelitis, fracture Microbiological TP Pain, improper healing
non- union
16/M/55 Femur 4 Yes Foreign body granuloma  Microbiological ~ FP Pain, increasing infection
parameters
17/M/56 Lumbar spine 4 No Osteomyelitis Microbiological TP Pain
18/F/80 Lumbar spine 4 Yes Osteomyelitis Microbiological TP Pain, fever, sepsis, increasing
infection parameters
19/M/72 Lumbar spine 4 Yes Osteomyelitis Microbiological TP Pain
20/M/72 Lumbar spine 3 No Osteomyelitis Microbiological TP Pain, relapse
21/M/32 Femur 3 Yes Fracture non- union Microbiological ~ FP Pain
22/M/18 Lower leg 4 Yes Osteomyelitis, fracture Microbiological TP Pain, fever, increasing
non- union infection parameters, relapse
23/F/67 Knee 4 Yes Osteomyelitis Microbiological TP Pain, increased infection
parameters
24/F/45 Femur 0 Yes No infection Microbiological TN Pain
25/F/47 Foot 0 No No infection Microbiological TN Pain, recurrent erysipelas
26/M/60 Lower leg 0 Yes Fracture non-union Microbiological TN Pain
27/M/34 Lumbar spine 1 Yes Soft tissue infection Microbiological TN Pain
28/M/68 Humerus 0 Yes Soft tissue infection Microbiological TN Pain, fistula
29/M/41 Humerus 0 No Fracture non-union Microbiological TN Pain
30/M/37 Femur 4 No Osteomyelitis Microbiological TP Pain, relapse
31/M/55 Foot 4 No Osteomyelitis Microbiological TP Pain, soft tissue ulcer
32/M/62 Lumbar spine 4 Yes Osteomyelitis Microbiological TP Pain
33/M/58 Radius 1 No No infection Microbiological TN Pain

?Data are the grade assigned by both readers of the bone only
M male, F female, TP true positive, FP false positive, TN true negative, FN false negative, CRP C-reactive protein

PET results were not affected by attenuation correction
artefacts due to the metallic implants (n=15) used in trauma
surgery. In patients with prosthetic devices (n=3), the non-
attenuation-corrected scans showed no FDG uptake at sites
where the attenuation-corrected images were FDG positive.
This can be explained by the lower photon absorption of
the slender metallic instrumentation used in trauma surgery,

in contrast to the joint arthroplasties with a high photon
absorption used in orthopaedic surgery [12, 18, 19].

The surgeons analysed the clinical influence of FDG PET/
CT retrospectively. In ten of the patients with the correct
diagnosis of osteomyelitis on FDG PET/CT, the surgeons
decided on a surgical intervention with removal or stabilisa-
tion of the osteosynthetic material, partial bone resection or
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Fig. 1 A 48-year-old man with pain and tenderness of the left lower
limb stump. Sagittal CT scan shows irregular cortical contours of the
distal left tibial stump (a). Sagittal PET (b) and co-registered PET/CT
(¢) show increased osseous FDG uptake in the distal left tibial stump.
On the axial CT image, compact bone is absent in the posterior parts
of the distal tibial (d). Axial PET (e) and co-registered PET/CT (f)

osseous insertion of antibiotics. The precise anatomical
localisation provided by, and the extent of increased FDG
uptake detected on, combined PET/CT was especially useful
for planning of surgery in the latter group of patients.

@ Springer

demonstrate increased osseous FDG uptake in the posteromedial parts
of the distal stump, representing osteomyelitis. Compared with the
contralateral side, muscle atrophy of the left lower extremity is seen.
In contrast to PET imaging alone, co-registered PET/CT helps to
confirm that FDG uptake involves the bone

In five of seven patients with the diagnosis of a soft
tissue infection but exclusion of osseous infection by FDG
PET/CT, antibiotic treatment was started. In the last-
mentioned group of patients, PET/CT improved the
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Fig. 2 A 64-year-old man with
superficial fistulation and sus-
pected periostitis in the left
lower limb. Maximum intensity
projection (MIP) PET scan (a)
shows focally increased FDG
uptake in the left lower leg.
Axial CT image (b) demon-
strates osteosclerotic changes of
the left tibia with a bony defect
anteriorly. Axial PET (c) and
co-registered PET/CT (d) show
increased osseous FDG uptake
in the left tibia. PET/CT dem-
onstrates the extent of the in-
fection, showing osteomyelitis
in the left tibia, where the
anatomical information avail-
able on PET or CT images alone
would not be sufficiently precise
in localising the lesion

performance of FDG PET alone in discriminating or
excluding osseous from soft tissue infection.

In three patients without osseous infection on PET/CT,
the surgeons decided to remove the osteosynthetic material
as PET/CT helped to exclude osteomyelitis.

Finally, in 18 patients the surgeons judged that relevant
information was obtained with FDG PET/CT, while in 15
patients, they felt that no relevant information was provided
by PET/CT.

Discussion

Although many techniques have been proposed for the non-
invasive evaluation of chronic osteomyelitis, clinicians are
still confronted with an indeterminate diagnosis in many
patients, especially in cases of early infections. As
preoperative planning in patients with suspected chronic
osteomyelitis is difficult, the definitive surgical procedure
required can often only be identified on the basis of
intraoperative findings.

MRI is very sensitive for the detection of chronic
osteomyelitis and can show sites with tissue oedema and
increased regional perfusion. However, these changes can

last for a long time after surgery and distinction between
fibrovascular scarring and reactive infection is often
difficult [20-22]. Delineation of the extent of the infectious
lesion is important for the surgical procedure. MRI lacks
specificity; thus Kaim et al. reported a sensitivity of 100%,
a specificity of 60% and an accuracy of 79% for MRI in
patients with chronic post-traumatic osteomyelitis of the
lower extremities [22]. False positive MRI results occurred
because of postoperative scarring and oedema in bone
defects and soft tissues. In these situations, additional CT is
required [23]. CT plays an important role in the evaluation
of chronic osteomyelitis, demonstrating suspected fistula,
bony fragments, mineralisation and extension of disease.
However, CT quality is also degraded in the presence of
metallic implants.

Three-phase bone scintigraphy combined with labelled
leucocytes is used in the evaluation of chronic post-
traumatic osteomyelitis [24-28]. Kaim et al. [22] examined
combined bone scintigraphy and **™Tc-labelled antigranu-
locyte antibody scintigraphy in post-traumatic osteomyelitis
of the lower extremities and found a sensitivity of 77%, a
specificity of 50% and an accuracy of 61%. However,
sensitivity is low in low-grade chronic infections and in the
axial skeleton owing to physiological uptake in normal
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Fig. 3 A 62-year-old male with back pain after insertion of spinal
hardware for an unstable fracture of L2. Sagittal PET scan (a) showing
linear increased FDG uptake in the upper lumbar spine. On the axial
CT image (b), artefacts are seen in the region of the spinal hardware.
Axial PET (c¢) and axial attenuation-corrected co-registered PET/CT
(d) show highly increased FDG uptake in the vertebral body (L2) and
in the area of the pedicle screws. On the corresponding axial non-

haematopoietic bone marrow, and specificity is low after
trauma and surgery owing to the presence of ectopic
haematopoietic bone marrow.

In the past decade, combined''' In-labelled leucocyte
and”®™ Tc bone marrow scintigraphy has been shown to be
highly accurate for the diagnosis of various musculoskeletal
infections after trauma or surgery in the presence of ectopic
haematopoietic bone marrow [7, 8].

FDG PET has been reported to be an excellent tool in
suspected implant-associated infections after trauma sur-
gery and in musculoskeletal infections without prior
surgery [11, 12, 29]. It is not only useful for the detection
of acute infections, but is also the most accurate imaging
modality for confirming or excluding the diagnosis of low-
grade infection and chronic osteomyelitis [29]. In this
setting, PET is useful because FDG is avidly taken up by
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attenuation-corrected PET/CT scan (e), FDG uptake was confirmed
and artefacts due to the pedicle screws could be excluded. On PET/
CT, additional increased FDG accumulation in the adjacent soft tissues
on the right side is seen. Diagnosis of osteomyelitis and infectious
involvement of the adjacent soft tissues in association with spinal
hardware was not possible with PET or CT alone

activated macrophages which predominate in the chronic
phase of infection.

Although leucocyte scintigraphy has adequate diagnostic
accuracy in the appendicular skeleton, FDG PET is superior
for detecting chronic osteomyelitis in the axial skeleton
[29]. Our data confirm these results, with one false negative
and no false positive findings in the axial skeleton.

FDG PET shows a sensitivity of up to 100% and a
specificity in the range of 88-93% in the diagnosis of
chronic musculoskeletal infections, including patients with
and without metallic implants or prosthetic replacements [9,
11, 12]. In a study by de Winter et al. [11], the overall
sensitivity, specificity and accuracy of FDG PET in
suspected chronic musculoskeletal infection of the appen-
dicular and axial skeleton (n=60) were 100%, 88% and
93%, respectively. Seventeen out of 34 patients presented
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Fig. 4 A 78-year-old male with pain and secretion of the right lower
limb stump. MIP PET scan (a) demonstrates linear increased FDG
uptake in the distal end of the right lower limb stump. Axial CT image
(b) shows muscle atrophy of the right lower limb. Axial PET scan (c)
shows increased cutaneous and subcutaneous FDG uptake in the

with infections around metallic devices used in trauma
surgery. Two of four false positive findings were related to
recent surgery within the previous 6 months. In concor-
dance with these results, Schiesser et al. [12] showed a
sensitivity of 100% and a specificity of 93% for FDG PET
in the diagnosis of metallic implant-associated chronic
infections in trauma patients (n=22). The latter group
emphasised that FDG PET was not affected by artefacts
from metallic implants used for fixation of fractures, which
corresponds to our data and previously reported studies [9,
30]. Schiesser et al. [12] found one single false positive
finding in the soft tissue of a patient 6 weeks after surgery.
No false negative findings were seen. In the current study
we only included patients who had undergone open fracture
fixation or implantation of arthroplasty at the affected bone
at least 6 months prior to the PET/CT examination to
eliminate false positive findings due to recent surgery.
Guhlmann et al. [9] performed FDG PET in six patients
with suspected metallic implant-associated infection among
a group of 31 patients with suspected chronic osteomyelitis.
The overall sensitivity, specificity and accuracy were 100%,
92% and 97%, respectively. The only false positive finding
was a patient with a soft tissue infection which on PET was
assigned to bone because of missing anatomical landmarks.
With the use of PET/CT in our study, the additional

dorsal part of the right stump. Axial PET/CT scans (d, e) demonstrate
increased FDG uptake in the soft tissues but no uptake within the bone
of the right tibial stump. On PET/CT, differentiation between soft
tissue and bone infection was possible

information provided by CT enabled accurate differentia-
tion between osteomyelitis and soft tissue infection (Fig. 4).

Zhuang et al. [31] demonstrated a sensitivity of 100%, a
specificity of 87.5% and an accuracy of 90.9% in 22
patients with suspected chronic osteomyelitis. One of two
false positives had a tibial non-union and one, an
osteotomy. Several authors have reported [12, 30] that
FDG uptake at the sites of fractures and non-unions (failure
of union after 6 months) is significantly lower than that at
the sites of infections, thereby facilitating differentiation.
These data were not confirmed by our study. It is well
known that postoperative reparative tissue and fractures
may present with increased FDG uptake [32—-34]. Increased
FDG uptake normalises at around 4 months after traumatic
or surgical fractures [15]. The healing process demonstrates
most of the cellular components that are present in
inflammation [35]. We had one patient with a false positive
finding due to a non-union fracture of the femur with
improper fracture consolidation after 9 months that showed
grade 3 uptake on FDG PET/CT (Fig. 5). Microbiological
results were negative for infection. In the last-mentioned
patient, the CT part of the scan yielded the diagnosis of a
non-union, demonstrating prominent cortical bone within
the marrow cavity. One of the main causes of delayed
fracture healing is infection [36, 37]. To date, no studies
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Fig. 5 A 32-year-old male 9 months after grade 2 open intra-articular
fracture of the distal femur and insertion of metallic implants. MIP
PET (a) shows diffusely increased FDG uptake in the left thigh
including the knee (arrows). Coronal CT image (b) demonstrates
osteopenia of the left distal femur with distraction of femoral

have assessed the clinical value of FDG PET or FDG PET/
CT in patients with fracture non-union. Different forms of
fracture non-unions may be responsible for various FDG
uptake patterns. CT has proved to be a useful imaging
method in the evaluation of patients with fracture non-
unions [38, 39]. An imaging technique that can reliably
differentiate infection from fracture non-union would be a
useful adjunct for therapeutic management of these patients.
The second false positive finding occurred in a patient
with a hemi-arthroplasty of the hip. Histopathological
specimens showed granulomatous tissue with giant cells
and macrophages resulting from a foreign body reaction at
the prosthesis—bone interface. Polyethylene particles and
metal wear particles were found in this patient and seemed
to be responsible for this reaction. Both giant cells and
macrophages accumulate FDG, as shown in previous
studies in patients with prosthetic devices [11, 18, 40].
Several authors have concluded that it is questionable
whether FDG PET is able to differentiate between aseptic
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fragments (arrow). In addition, CT shows sclerosis of distal femoral
fragments and bony fragments adjacent to lower screws. Coronal PET
(¢) scan shows increased FDG uptake in left thigh (arrow). In a
coronal co-registered PET/CT scan (d), FDG uptake could be
localised precisely at the fracture site (arrow)

and septic prosthetic loosening because of the remarkably
similar histopathological morphology [8, 11, 18, 40].

The single false negative result in this series, a very
small (<5 mm) osseous infectious lesion in the mandible, is
difficult to explain but was presumably due to the limited
spatial resolution of the PET/CT scanner. Robiller et al.
[13] reported a patient with increased FDG uptake within a
necrotic, poorly vascularised fibular transplant, whereas
9mTe-labelled leucocyte scintigraphy was false negative.
The authors emphasised that the small FDG molecule was
still able to enter poorly perfused areas rapidly, in contrast
to labelled granulocytes, which required delayed imaging
after at least 24 h because of the slow accumulation kinetics
of the tracer.

A general limitation of FDG PET is that it provides only
a restricted amount of anatomical information. The data
available thus far suggest that FDG PET is better than
conventional scintigraphic techniques at distinguishing
between osseous and soft tissue infection owing to its
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better spatial resolution and inherently tomographic capa-
bilities [9, 12]. PET/CT data in respect of bone infections
are still very limited. A single FDG PET/CT study has been
performed so far, by Keidar et al. [41], who investigated 14
patients with clinical suspicion of diabetes-related osteo-
myelitis of the foot. The authors concluded that FDG PET/
CT is useful for the diagnosis of diabetes-related infection
as it accurately differentiated between osteomyelitis and
soft tissue infection. PET/CT adds important anatomical
details, which are relevant to the surgeon, as the operative
approach differs greatly when osteomyelitis is present. This
was confirmed in our study, in which surgeons retrospec-
tively assessed the influence of FDG PET/CT on their
treatment decisions and found that PET/CT influenced the
clinical decision-making process in approximately 50% of
patients. The addition of the CT part to the PET scan
provided complementary information relevant to surgical
planning, which reduced the surgical intervention to a
minimum. Furthermore, PET/CT enabled the surgeon to
determine the precise extent of resection and therefore to
anticipate the appropriate surgical approach (e.g. external
fixation or cement spacer).

Our study has limitations. We performed a retrospective
study in a small number of patients. Our data are promising,
but larger prospective series of patients are needed before
clinical use of this method can be recommended. A
prospective comparison between PET imaging alone and
integrated PET/CT should be performed, together with an
evaluation of their impact on the surgical management.

Our data suggest that FDG PET/CT is sensitive and
specific for the detection of chronic osteomyelitis in trauma
patients in both the axial and the appendicular skeleton.
Especially in the axial skeleton, FDG PET/CT is an
important imaging technique in the diagnosis and exclusion
of chronic osteomyelitis, showing superior accuracy to other
radionuclide imaging modalities. Although its role is still
evolving, in the future FDG PET/CT may permit more
precise delineation and characterisation of the infectious
focus in patients with and without metallic devices. Differ-
entiation between osteomyelitis and infection of the adjacent
soft tissues can be accurately obtained with FDG PET/CT
because of the high lesion-to-background contrast and
because of the less severe artefacts arising from metallic
implants compared with CT. It can be anticipated that the new
diagnostic imaging technique of FDG PET/CT will improve
the rate of detection of chronic post-traumatic osteomyelitis.
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