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a b s t r a c t

Diabetic foot infection is a preventable complication of diabetes mellitus. It is an essential component of
diabetic foot disease, which is characterised by a triad of neuropathy, ischaemia and infection. These
factors may lead to foot ulceration, sepsis and amputation resulting in increased morbidity and poor
quality of life. Confirming or excluding infection can be difficult especially when routine laboratory tests
and plain radiographs are inconclusive. Early diagnosis and localization of diabetic foot infection is
extremely important to institute timely, appropriate therapy. Structural imaging using computed to-
mography and magnetic resonance imaging all have individual applications towards the diagnostic
workup of this condition but have their own limitations. Scintigraphic detection is based on physi-
ochemical changes and hence provides a functional evaluation of bone pathology.

We describe the evolution of functional nuclear medicine imaging including immunoscintigraphy in
diabetic foot infection and highlight current applications of physiological 18-Fluoro-deoxyglucose
positron emission tomography (18-FDG-PET) and computed tomography (18-FDG-PET/CT) in such
patients.

18-FDG-PET/CT is a promising modality for imaging diabetic foot infection. Future studies will allow
standardisation of technological details and options of 18-FDG-PET/CT interpretation in diabetic foot
infection.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.

0/).
1. Introduction

Diabetic foot disease (DFD) involves a spectrum of conditions
and is defined as infection, ulceration or destruction of tissues
associated with neuropathy and/or peripheral artery disease in the
lower extremities of a person with (a history of) diabetes mellitus
(DM).1 Diabetic foot infection (DFI) is a critical component of DFD.

Foot complications are common in patients with DM. The esti-
mated lifetime risk of developing foot ulcers in diabetic patients is
about 15e25%. Diabetic foot ulcers are the leading cause of non-
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traumatic lower extremity amputation.2,3

Diabetic foot care accounts for a substantial proportion of
healthcare expenditure in England, with a significant impact on the
National Health Service (NHS). About £ 800 million was spent on
DFD care in 2014e2015 and is expected to grow further.4

DFI can range from a superficial infection (cellulitis) to one that
penetrates deeper into the bone (osteomyelitis). Delays in treat-
ment can result in impaired healing, infection, hospitalization,
minor and major nontraumatic lower limb amputations and mor-
tality.5 Hence early diagnosis and effective treatment are essential
for the prevention of amputation. Planned therapeutic strategy is
based on a multidisciplinary and multifactorial approach.6,7

DFI is diagnosed through clinical history and examination sup-
plemented by radiological and biopsy findings. The definitive
diagnosis of bone infection is made by bone biopsy or culture of an
organism from pus or tissue samples.8,9
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Radiological imaging forms a crucial step in the diagnostic
workup of DFI.10 Among the diagnostic methods currently used,
radionuclide scanning can be helpful in the early diagnosis of DFI
and is a supportive imaging modality for patients with suspected
foot infections as in other musculoskeletal conditions.11

We describe the application of physiological 18-Fluoro-deoxy-
glucose positron emission tomography (18-FDG-PET/CT) in DFD
and its role in evaluating DFI.

2. Structural imaging in diabetic foot infection

2.1. Plain radiography

Plain radiographs (x-rays) tend to be the first investigation of
choice in the diagnosis of bone infections along with evaluation of
inflammatory parameters. Although crucial, they are often incon-
clusive, non-specific and sometimes misleading, especially in the
early stages. Changes do not occur for one to several weeks and
early x-rays may be normal. In later stages of the infection, x-rays
may identify bone destruction, periosteal reaction and new bone
formation.

2.2. Complementary imaging

In DFI, supplementary imaging such as Ultrasonography (USG),
Computed Tomography (CT) scan or Magnetic Resonance Imaging
(MRI) have individual value in diagnosis including guiding biopsy
and treatment.

USG offers a non-invasive, operator-dependent evaluation of
musculoskeletal infection. However, its use is limited in diagnosing
bone infection in diabetes. It detects soft tissue abnormalities
around the bone, but the sonic beam does not cross the bone cortex
and therefore may not identify osteomyelitis.

CT scan helps localize the exact location and extent of abscess
and bone involvement but involves significant radiation exposure.

MR imaging has the highest sensitivity for detection of osteo-
myelitis and soft tissue infections and provides high spatial contrast
resolution. It has high diagnostic accuracy but is often not helpful in
patients with claustrophobia, metallic implants, aneurysm clips,
pacemakers or prosthetic joints. It also has limitations in differen-
tiating between osteomyelitis and acute Charcot neuro-
arthropathy.10,12,13 These modalities are also constrained in their
ability to detect and characterize acute or chronic post-operative or
post-traumatic bone infection.14

3. Evolving models of functional nuclear medicine imaging in
diabetic foot infection

Nuclear medicine imaging in diabetic foot infection has evolved
over the years and is useful for patients with suspected orthopaedic
and DFI (Table 1). It has earned its place in the diagnostic work-up
of DFI where supplementary imaging modalities have limited or
equivocal applications. Radionuclide imaging uses applied physi-
ology in which tracers (radiopharmaceuticals) accumulate in
inflamed and infected tissues especially in leukocytes or gran-
ulocytes due to increased blood flow and enhanced vascular
permeability according to the principle of chemotaxis. This func-
tional imaging process is utilised for diagnostic work-up in a pa-
tient with suspected DFI.

3.1. Traditional scintigraphy

The primary skeletal scintigraphy technique using plain 99mTc-
labelled methylene diphosphonate (99mTc-MDP) is a highly sensi-
tive method for detecting bone infection, but lacks specificity to
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differentiate between infection, fracture, heterotrophic ossification,
Charcot’s neuropathy and arthritis components of DFD.15 Plain bone
scans rely on the property of orthopaedic lesions to excite a local
osteoblastic response and increase in vascularity. A three-phase
bone scan is the basic examination which detects sites of
increased bone turnover with high sensitivity of more than 90%.
Typically the scintigraphic appearance of osteomyelitis is associ-
ated with increase in uptake in all three phases (blood flow/
angiographic, blood pool and delayed phases), especially the third.
A normal 99mTc-diphosphonate three phase bone scan excludes
chronic osteomyelitis with a very high certainty. However, if any
other cause of bone remodelling, such as fracture or Charcot’s
osteoneuropathy complicating the diagnosis of infection are pre-
sent, the sensitivity remains high but the specificity reduces
markedly. To imorove specificity, additional more specific scinti-
graphic techniques are required.15
3.2. Gallium-67 scanning increases specificity but has an accuracy
rate of only 70%.11,15,16

White blood cell (WBC) scintigraphy with either Indium- 111
oxine or 99mTc- hexamethylpropyleneamine oxime is more specific
than triple-phase 99mTc-MDP bone scan and may be useful when
magnetic resonance imaging is not available or is contraindicated.
These techniques, however, have been quoted to have variable
specificity. Additionally, they are complex, expensive and require
in vitro labelling of the WBC with potential for pathogen contam-
ination or mixing of blood samples amongst patients. In-vitro
processes also involve biological hazards for medical personnel.
Sometimes physiological bone marrow (BM) expansion secondary
to chronic inflammation can result in a lower specificity of tradi-
tional Indium- 111 oxine or 99mTc- hexamethylpropyleneamine
oxime WBC scintigraphy. This may make it difficult to differentiate
from Charcot osteoneuroarthropathy and osteomyelitis of DFI. An
additional bone marrow scintigraphy (BMS) using nano colloids is
suggested in such a situation. In the bone marrow; both radio-
pharmaceuticals accumulate, but the WBC accumulate more in
infective foci. Consequently if the images of these two modalities
are congruent (match), the diagnosis of Charcot osteoneuroarthr-
opathy is the most probable whilst if there is mismatch of the
imaging modalities (i.e. positive at WBC scintigraphy and negative
at colloids scintigraphy/BMS), the diagnosis of osteomyelitis may be
made.17,18
3.3. Immunoscintigraphy

To improve the specificity of traditional scintigraphy, antibodies
produced during infection can be targeted by using antibodies
labelled with radiopharmaceuticals. This is called immunoscintig-
raphy. Infection imaging using 99mTc labelled anti-granulocyte
monoclonal antibody Fab fragment (99mTc Sulesomab) has shown
promising results in the evaluation of osteomyelitis, prosthetic joint
infections and DFI 15,19e23 (Fig. 1). Unlike autologous leukocyte
techniques in the imaging of infection, immunoscintigraphy does
not require isolation of white blood cells ex vivo for tagging. In-vivo
tagging avoids the chances of misadministration and biological
hazard to healthcare professionals. However, the lack of wide-
spread availability and high cost of 99mTc Sulesomab restricts the
use of immunoscintigraphy to specialised centres. Other potential
disadvantages include the rare possibilty of lowered accuracy in
identifying the foci of infection and incompatibility reactions.24



Table 1
Evolution and characteristics of common nuclear medicine modalities in diagnosis of musculoskeletal infection.

Technique Radio pharmaceutical Mechanism Advantages Disadvantages

1 Three-phase bone
scan

99mTc-MDP Localization in sites of leucocytes
accumulated in infective foci by
diapedesis and chemotaxis

Readily available
Inexpensive
High sensitivity
99mTc provides good
quality images

Low specificity

2 Gallium 67Gallium citrate Ga-67 citrate circulates in plasma
bound to transferrin. Its ferric ion-like
properties allow it to bind to lactoferrin
released from dying leukocytes and
bacterial siderophores at site of
infection

Easy to prepare
Low toxicity
Detects low grade
infection

Time consuming,
Delayed imaging
High radiation dose

3 WBC scan 11Indium oxime99mTc hexamethyl
propyleneamine oxime

White blood cell labelling at site of
infection

High target to background
Ratio

Time-consuming preparation
Complex and expensive
radiolabelling
In vitro labelling required

4 Immunoscintigraphy Antigen binding antigranulocyte
monoclonal
antibody fragment, e.g. 99mTc
Sulesomab Or
Polyclonal human
immunoglobulin G, e.g.99mTc-HIG

Migration of circulating antibody-
labelled granulocytes to the site of
infection

99mTc provides good
quality images
In-vivo technique
Readymade kit,
Ease of preparation
Good sensitivity and
specificity

Expensive
Availability issues
May be restricted to tertiary centres.
Incompatibility, immune related
reactions

5 Positron emission
imaging

18F-FDG Uptake in metabolically active cells
e.g.18F-deoxyglucose

Physiological imaging
Fusion Anatomical
imaging with CT scan

Availability and cost may restrict it to
tertiary centre use

Abbreviations: WBC¼ White blood cell; CT¼ Computerised Tomography; 18F-FDG ¼ radio-active Fluoro-deoxy glucose.

Fig. 1. Preparation of 99mTc-Sulesomab radiotracer for immunoscintigraphy.
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4. Physiological nuclear medicine imaging in diabetic foot
infection

Physiological imaging with 18-Fluoro-deoxyglucose positron
emission tomography (18-FDG-PET/CT) in DFI has gained popu-
larity over the last few years following guidelines published in 2013
by the European Association of Nuclear Medicine (EANM) and the
Society of Nuclear Medicine and Molecular Imaging (SNMMI).25
4.1. Mechanism and physiological basis of 18F-FDG imaging

Positron emission tomography (PET) uses small amounts of
radioactive materials called radiotracers or radiopharmaceuticals, a
special camera and a computer to evaluate organ and tissue func-
tions. Thematerial accumulates around your bodywhere it releases
a small amount of energy in the form of gamma rays. Special
cameras detect this energy and, with the help of a computer, create
images that provide details about the structure and function of
121
organs and tissues.
Increased expression and metabolism of glucose by infected

cells is the physiological basis used in this functional nuclear
medicinemodality. An analogue of glucose called 2-deoxyglucose is
tagged with radio-active Fluorine-18. This forms a radiolabelled
pharmaceutical called 2-fluoro-2-deoxyglucose (FDG) and when
given to a patient, the body assumes it is glucose. This is taken up by
the metabolically active cells. The chemical, 18F-FDG is an impor-
tant source of photons suitable for imaging (Fig. 2). This positron
emission or beta plus decay (bþ decay) from the cells with
increased uptake of the 18F-FDG by tumour and inflammatory cells
is captured by gamma cameras to produce a pattern of accumula-
tion in the body, thus plays an important role in the diagnostic
work-up of musculoskeletal infection.26 Positron emission tomog-
raphy (PET) with 18F-FDG, thus provides valuable functional in-
formation based on increased glucose uptake by infected cells and
depicts metabolic abnormalities before morphological alterations
occur.27



Fig. 2. Preparation of 18F-FDG radiotracer for Positron Emission Tomography scan.
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FDG-PET is thus an exciting future imaging modality but lacks
structural detail. To improve the structural clarity, FDG-PET is
combined with CT to provide an Hybrid or Fusion imaging
modality.

PET-CT - image fusion or co-registration i.e. superimposing of
nuclear medicine images with CT provides further details about the
structure and function of organs and tissues. These views allow
multiplanar correlation and can assist in interpreting information
from two different examinations into one image, resulting in more
precise information and accurate diagnoses. Therefore, 18F-FDG
positron emission tomography/computed tomography (18F-FDG
-PET/CT) provides a combination of functional and anatomical
localization, which is crucial for treatment planning.

4.2. Advantages and applications in diabetic foot infection

18F-FDG PET/CT nuclear medicine imaging has several advan-
tages which can be applied in DFI evaluation.27e29 It is a non-
invasive, 3-dimensional imaging modality and is not hampered
by metallic artifacts in contrast to MRI/CT scan. It allows precise
anatomical localization of infection in small structures of the distal
foot. The increased uptake can accurately differentiate between
Fig. 3. Illustrative case of 18-Fluoro-deoxyglucose positron emission
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osteomyelitis and soft-tissue infection30 (Fig. 3). Since its uptake is
by inflammatory cells at the site of infection and does not rely on
just leukocyte migration itself, 18F-FDG PET/CT imaging is less
affected by prior antibiotic use. It allows differentiaton between
infected and non-infected neuropathic osteoarthropathy and hence
its advantage in the setting of complicated DFD with Charcot’s
neuroarthropathy.31
5. Patient outcomes from clinical studies and undergoing
18F-FDG PET/CT nuclear medicine imaging for the diabetic
foot infection

The following section highlights some recent studies of 18F-FDG
PET/CT nuclear medicine imaging, interventions, and outcomes in
patients with a suspected diabetic foot infection and their com-
parison with complementary imaging modalities.
5.1. In detecting osteomyelitis related to diabetic foot

A Systematic review and meta-analysis of published data of
diagnostic accuracy of 18F-FDG PET/CT imaging suggest a high
specificity when combinedwith complementarymodalities such as
MRI.32 Kagna et al. have reported excellent diagnostic accuracy
with good sensitivity, specificity, positive and negative predictive
values and 18F-FDG PET/CT imaging accuracy in diabetic foot
infection. They found that 18F-FDG PET/CT imaging allows a correct
distinction between osteomyelitis and soft-tissue infection.33
5.2. In detecting osteomyelitis in patients with associated Charcot’s
neuropathy

Osteomyelitis caused by DFI can be reliably diagnosed by using
an MRI, FDG PET/CT and Single-photon emission computed to-
mography (SPECT). There is no clear reason identified in the liter-
ature to favour one test over the other in terms of diagnostic
accuracy. 18F-FDG PET/CT imaging provides high specificity for the
diagnosis of osteomyelitis in complicated DFD and allows charac-
terisation of underlying Charcot’s neuropathy. 18F-FDG PET/CT
imaging also provides an earlier diagnosis of DFI and directs
focused use of antibiotics.34
tomography (18-FDG-PET/CT) imaging in diabetic foot infection.
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5.3. Comparison with WBC scintigraphy

Familiari et al. suggest that WBC scintigraphy performs better
than 18F-FDG PET/CT sequential imaging for the diagnosis of
osteomyelitis in the diabetic foot albeit with the disadvantages
associated with in-vitro WBC labelling, risk of contamination and
longer evaluation time for individual patients.35 They found that
although blood cell scintigraphy appears to be the most reliable
imaging modality for differentiating osteomyelitis, soft tissue
infection, and Charcot in patients with suspected DFI, both FDG and
WBC have significantly higher specificity than MRI.28

5.4. Comparison with MRI

It is recognised that MRI is likely the first preferred comple-
mentary imaging modality for a DFI after plain radiographs.36

However, in situations when MRI is not possible or contra-
indicated, 18F-FDG PET/CT imaging appears to provide encouraging
results with diagnostic accuracy.36,37 In a recent comparative study
Diez et al. have found that 18F-FDG PET/CT has the highest accuracy
for differentiating diabetic foot osteomyelitis from Charcot neuro-
osteoarthropathy.38

6. Conclusion

The evolving concepts of functional nuclear medicine imaging
have highlighted the role of scintigraphy in diagnosis of musculo-
skeletal infection. Early diagnosis of osteo-articular infections is the
key to successful therapy and prevention of complications. This is
especially relevant in DFI to prevent associated morbidity and
prevent progression of the disease. Nuclear medicine imaging is an
essential tool in the diagnostic work-up of DFI. Fluorine-18 (F-18)
fluorodeoxyglucose-positron emission tomography (FDG-PET) is a
promising modality for imaging DFI and DFD. It allows early diag-
nosis and targeted therapy in such conditions along with multi-
disciplinary management of DFD. Though current studies suggest
variable diagnostic accuracy of 18F-FDG PET/CT nuclear medicine
imaging in DFI, authors have acknowledged these to be preliminary
results. Current evidence suggests more studies need to be under-
taken towards standardisation of technological details and options
of interpretation in DFI.
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