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Accurate diagnosis and management of skeletal infection
is crucial and challenging. The goals of imaging in
infection are (a) to establish an early and reliable diag-
nosis, as clinical and laboratory markers are often non-
specific in the early stages, (b) to localize, characterize
and define the extent of involvement (often influences or
directs diagnostic and/or therapeutic intervention), and (c)
to assess treatment response [1]. Such considerations are
particularly important in several select groups of patients
such as diabetics, who are relatively more prone to
cutaneous ulceration and its related complications. Ap-
proximately 2 million cases of musculoskeletal infection
are diagnosed each year in the USA [2] and MRI is the
most commonly used imaging modality. MRI with gado-
linium contrast enhancement is useful (a) in differentiat-
ing abscess from inflammatory tissue, (b) to differentiate
viable from nonviable tissue, and (c) to evaluate bone
involvement [1]. However, the presence of preexisting
renal impairment is a potentially major limitation in the
use of MRI with gadolinium contrast enhancement. Metal
artefacts may obscure underlying pathology, if there has
been previous intervention [1] and it may be difficult to
distinguish osteomyelitis from Charcot’s neuroarthropathy
in the diabetic foot using MRI alone.

Radionuclide imaging plays an important role in the
evaluation of infection and most would agree that radio-
labelled leukocyte imaging remains a key investigation in
the assessment of infection and in particular fever of un-
known origin (FUO), vascular graft infections, orthopaedic
infections and infections complicating the diabetic foot [3,
4]. Despite advances in imaging techniques, and newer
tracers, it has not been possible to achieve 100 % accuracy
in diagnosis, but the goal remains.

In the current issue of the European Journal of Nuclear
Medicine and Molecular Imaging, Kagna et al. present their
results assessing the role of 18F-fluorodeoxyglucose (FDG)
positron emission tomography (PET)/CT imaging in the diag-
nosis of osteomyelitis in the diabetic foot [5]. The authors
prospectively evaluated 39 diabetic patients with 46 suspected
lesions of foot infection. The final diagnosis was based on
histopathology/bacteriology of surgical samples, imaging or
clinical follow-up. Using 18F-FDG PET/CT, they were able to
confirm osteomyelitis in 18 and excluded this at 21 suspected
sites of bone infection. Of the 20 sites of focal FDG uptake, 2
were reported as false-positives and 5 were reported as dia-
betic osteoarthropathy. On a patient-based analysis, 18F-FDG
PET/CT had a sensitivity, specificity and accuracy of 100, 92
and 95 %, respectively, and on a lesion-based analysis 18F-
FDG PET/CT had a sensitivity, specificity and accuracy of
100, 93 and 96 %, respectively [5].

Impressive results but before discussing further, we
should briefly consider the wider issues relating to radionu-
clide infection imaging. Radiolabelled leukocyte imaging is
sensitive in determining the presence of infection in most
situations. However, the major limitations include (a) label-
ling of leukocytes, which is time-consuming and involves
contact with blood, (b) dual time point imaging at 4 and 24 h
with 111In-labelled leukocytes, which may critically delay
the diagnosis [3, 4, 6, 7], and (c) the lack of anatomical
resolution to localize and characterize.
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Single photon emission computed tomography (SPECT)/
CT may offset the lack of spatial resolution of conventional
scintigraphic investigation of infection, though evidence for
this is at present limited but evolving. However, CT alone
can provide useful information particularly in chronic oste-
omyelitis where there has been cyclic bone destruction and
formation [1, 8]. CT is relatively more sensitive at demon-
strating sequestra, cortical destruction and gas within sites of
chronic osteomyelitis [8], whereas MRI is better at assessing
bone viability within sequestered bone [1].

The role of 18F-FDG PET/CT in infection imaging is
evolving rapidly and its role in diagnosis is comparable with
other radiolabelled tracers. This topic has been extensively
reviewed in several articles over the last few years [3, 9, 10].
However, it is worthwhile briefly to summarize some of the
findings. In patients with FUO, 18F-FDG PET/CT is
reported to be the most useful test in diagnosing/localizing
the infective foci and non-infective pathologies such as
malignant disease [3], where routine diagnostic modalities
are often negative or equivocal.

Several studies have emphasized the role of 18F-FDG PET
in evaluating joint prostheses. Zhuang et al. reported a sensi-
tivity, specificity and accuracy of 90, 89.3 and 89.5 %, respec-
tively, for prosthetic hip infection and 90.9, 72 and 77.8 %,
respectively, for prosthetic knee infection [11]. However,
Stumpe et al. reported poor sensitivity of 22–33 % but rea-
sonable specificity of 81–85 % in evaluating hip prostheses
[12]. In a meta-analysis, Kwee et al. [13] reported sensitivity
and specificity of 82.1 and 86.6 %, respectively, for diagnos-
ing prosthetic joint infection, which is relatively lower than
has been reported in the literature for radiolabelled leukocyte/
marrow imaging [14]. Love et al. reported sensitivity in the
range of 36–100 % and specificity from 9 to 97 % [15] in
assessing lower extremity joint replacements (accuracy of
radiolabelled leukocyte/marrow imaging, in the same popula-
tion, was 95 %) [15]. Therefore, 18F-FDG PET cannot be
considered as a suitable replacement for radiolabelled leuko-
cyte/marrow imaging for diagnosing prosthetic joint infec-
tions at the present time [3, 10, 14].

In patients with spinal osteomyelitis, 18F-FDG PET may
be particularly useful as the role of the 111In-leukocyte scan
is limited [9, 16, 17]. In postoperative spinal infection, 18F-
FDG PET is reported to have a sensitivity, specificity and
accuracy of 100, 81 and 86 %, respectively [16].

However, to return to the diabetic foot, the sensitivity and
specificity for diagnosing pedal osteomyelitis using planar
111In-labelled leukocyte imaging is from 72 to 100 % and
from 67 to 100 %, respectively [6, 7, 9]. The sensitivity and
specificity of 99mTc-exametazime labelled leukocyte has
ranged from 86 to 93 % and from 80 to 98 %, respectively
[6, 7, 9]. Current evidence on the utility of 18F-FDG PET/
CT in the diabetic foot is controversial as there are several
positive papers with others less conclusive [3, 9, 10, 18–21].

Basu et al. assessed the potential role of 18F-FDG PET in
differentiating the uninfected neuropathic joint from soft tis-
sue infection and osteomyelitis in diabetic patients. The over-
all sensitivity and accuracy for 18F-FDG PET in the diagnosis
of Charcot’s foot was 100 % (MRI 76.9 %) and 93.8 % (MRI
75 %), respectively [18]. Low-grade 18F-FDG uptake was
noted in patients with Charcot’s arthropathy and in normal
control subjects and tracer uptake was higher in patients with
osteomyelitis as a complication of diabetes [18]. In general,
differentiating Charcot’s arthropathy from osteomyelitis
superimposed with Charcot’s neuropathy is often a clinical
dilemma. This differentiation is important because the major-
ity of the cases referred to radionuclide studies are the ones
that are equivocal on MRI or complicated by previous inter-
ventions. However, based on the 18F-FDG uptake pattern, the
authors could reliably differentiate Charcot’s neuroarthrop-
athy from osteomyelitis [18]. Further, Nawaz et al., in a
prospective study, using visual analysis, reported a sensitivity,
specificity and accuracy of 81, 93 and 90 %, respectively, for
diagnosing pedal osteomyelitis [19], and in view of its high
specificity the authors deemed 18F-FDG PET/CT to be useful
as complementary imaging with MRI. However, several stud-
ies have reported 18F-FDG PET/CT to be less useful and less
sensitive in diagnosing osteomyelitis in the diabetic foot.
Schwegler et al. evaluated clinically unsuspected osteomyeli-
tis in diabetic patients with pedal ulcers and found 18F-FDG
PET to be positive in only 2/7 cases with biopsy-proven
osteomyelitis (29 % sensitivity) [20]. Similarly Familiari et
al. compared 18F-FDG PETwith 99mTc-exametazime-labelled
leukocytes. They found accuracy and sensitivity of 54 and
43 %, respectively, for 18F-FDG PET/CT, while accuracy and
sensitivity of radiolabelled leukocyte imaging was 92 and
86 %, respectively [21].

Based on the current evidence with 18F-FDG PET, it is
not possible to unequivocally support 18F-FDG as the ra-
diotracer of choice for the diabetic foot [6, 9, 10, 14, 20, 21].
The limitations of the available data include variable meth-
odology and differing patient populations, and more specif-
ically (a) how images are interpreted: the use of visual
image interpretation versus semi-quantitative (standardized
uptake value/SUV) analysis [10, 14], (b) the presence or
absence of vascular insufficiency [10, 14], (c) inconsistent
correlation with MRI, (d) absence of histological confirma-
tion, and (e) lack of crossover studies with radiolabelled
leukocyte/marrow studies.

An understanding of the potential advantages and
limitations of the various imaging modalities will im-
prove diagnosis and treatment. However, we should not
forget that interpretation of images is much easier with
full knowledge of the patient’s history, clinical exami-
nation, laboratory results and discussion with clinical
colleagues and will remain the cornerstone of any diag-
nostic strategy [1, 10, 14].
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It is apparent that radiolabelled leukocyte scans remain
useful in assessing the diabetic foot and are complementary
to MRI. 18F-FDG PET/CT had gained realistic support due
its improved sensitivity/specificity, accurate localization,
absence of time-consuming/laborious blood labelling and
perhaps, most important, the study is completed by 3–4 h.

Evidence appears to be evolving in a positive direction.
In an excellent review of the diabetic foot by Palestro last
year, it was concluded that “the jury is still out” [10]. The
study by Kagna et al. [5] would appear to give the jury a
little push towards supporting the use of 18F-FDG PET.

Thus 18F-FDG PET/CT may well emerge as the first-line
radionuclide investigation for the diabetic foot. However,
we may have to wait a few more years for PET to obtain the
gold medal for imaging in the diabetic foot Olympics! The
likeliest outcome however is that synergistic information
gathered from 18F-FDG PET/CT and other modalities in-
cluding MRI will increase our combined diagnostic sen-
sitivity and therefore expedite effective treatment of this
complex pathology. A tantalizing final thought, howev-
er, is that with the advent of PET/MRI, 18F-FDG may
provide an even more sensitive and viable alternative in
the future.
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