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the radiological and nuclear medicine point of view in 
several musculoskeletal infections: peripheral bone in-
fection, prosthetic joint infection, sternal infections and 
spondylodiscitis.

The point of view of the radiologist 
on musculoskeletal infections

Radiological imaging is usually the first modality 
used to assess patients with suspected musculoskeletal 
infection and peripheral bone infection (PBi) in particu-
lar. conventional radiographs have been traditionally 
used as the first diagnostic approach. However, they 
generally only become positive when at least 30% to 

Musculoskeletal infections are a serious problem 
in healthcare. establishing the correct diagnosis 

is often difficult, it involves also in a large percentage 
young people, and may have a huge impact on daily 
life. Treatment of a musculoskeletal infection often re-
quires a long time and/or multiple surgeries, and may in 
some cases lead to amputation or can even — in case 
of dissemination of the infection and sepsis — be life 
threatening.

Several diagnostic imaging modalities are available 
for the diagnosis of musculoskeletal infections, but all 
tests have their limitations, and the imaging techniques 
used differ in centers based on local experiences, avail-
able techniques and costs. in this review we highlight 
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a disadvantage of Mri may be related to the over-es-
timation of the amount of the infected tissue, as some of 
the signal changes may be only reactive; furthermore, 
Mri, in presence of severe degenerative disk disease 
leading to edema-like changes in the endplates and the 
adjacent disks, may give false-positive results.20 The 
signs of healing process consist in the reduction of tis-
sue oedema, loss of contrast enhancement (few weeks 
to few months after the onset of treatment), progressive 
bone restoration (seen after a median of 15 weeks as rim 
of high signal intensity on T1-weighted images at the 
lesion edges occurring).20 cT is readily available, easy 
to perform and faster than Mri. it is the best method to 
detect bony abnormalities as also minimal erosion of 
the end plates can be seen.21 it can be used as a comple-
ment of Mri examination or as a substitute of it when 
Mri cannot be performed.

The point of view of the nuclear medicine 
physician on peripheral bone osteomyelitis

Bone scintigraphy is known to have high sensitivity 
but very low specificity and its use is limited to exclude 
the presence of PBi. after a recent fracture and/or a sur-
gerical procedure or in presence of metallic hardware 
the role of bone scintigraphy is negligible, although 
single photon emission computed tomography- com-
puted tomography (SPecT/cT) hybrid imaging can 
be more accurate than planar or three-phase scans as 
clearly mentioned in the recent eaNM guidelines on 
bone scintigraphy.22 Nowadays also the hybrid positron 
emission tomography- computed tomography (PeT/
cT) variant 18F-sodium fluoride is available, but its 
widespread use is still limited due to limited availability 
and high costs.

White blood cells (WBcs) scintigraphy, preferably 
acquiring 3 sets of images (30 min, 2-4 h and 20-24 
h) with acquisition times corrected for isotope decay 
and image display in absolute counts, leads to excel-
lent overall diagnostic accuracy.23 it can be associated 
to bone-marrow scan for higher specificity. As an alter-
native radiolabelled antigranulocyte antibodies (aga) 
can be used. Typically, planar images allow the diagno-
sis of the presence of an infection (differential diagno-
sis between sterile inflammation, osteomyelitis and soft 
tissue infection), but hybrid SPecT/cT scans are useful 
to correctly define the extent of the bony infection. This 

50% bone mass has been lost, making early diagnosis 
unlikely.1, 2 computed tomography (cT) may play a 
role in anatomically complex zones, such as the shoul-
der or the pelvis and it is usually confined to patients 
with chronic osteomyelitis to detect bone sequestra.3 
Magnetic resonance imaging (Mri) has the highest di-
agnostic performance in diagnosing PBi (88-98% sen-
sitivity, 70-96% specificity, and 81-86% accuracy).4-6 it 
does not use ionizing radiation and, in most cases, can 
be performed without administration of contrast agents. 
recent technologic evolution allowed developing new 
specific imaging sequences (metal artefact reduction 
sequences, MarS) which allow considerably reducing 
artifacts related to the presence of metallic implants, 
which are no longer a limiting factor for Mri examina-
tion.

in case of spondylodiscitis, the role of radiology is to 
define the correct diagnosis as early as possible, to as-
sist in the percutaneous biopsy, to evaluate the presence 
of complications and to follow-up the disease.7-10 Plain 
radiography is usually the first requested test 11 although 
it has low sensibility and specificity.12, 13 it includes an-
tero-posterior and lateral projections of the spine.12, 13 
Mri is, however, the radiological modality of choice 
for initial diagnososis since its high sensitivity, speci-
ficity and accuracy (reported as 96%, 92%, and 94%, 
respectively). for patient follow-up it is usually not as 
accurate as for initial diagnosis, MRI findings can some-
times worsen despite clinical improvement.14-20 Mri is 
particularly useful in maging diagnosis in early stages 
of the infection within the first two weeks in more than 
50% of cases, when other radiologic imaging modali-
ties are still normal. Mri examinations should include 
short-tau inversion recovery (STir) or fat-saturated T2-
weighted sequences: they are fluid-sensitive sequences, 
highly sensitive in detection of inflammatory oedema. 
in addition, T1-weighted fat-saturated pre- and post-
administration of contrast media can be used for more 
morphological studies and to differentiate between vas-
cularized and non-vascularized lesions and/or necrotic 
inflammatory components. However, spinal neoplasms 
may mimic an infectious discitis, especially when they 
are tubercular in aetiology, since both of them may have 
low signal on T1W and high signal on T2W. in these 
cases, the involvement of disc space helps in distin-
guishing infections from neoplasms as usually tumors 
do not enter the disk space.17-19
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develop.27, 28 in 30% of systemic symtoms may occur 
due to the hematogenous spread of the infection to skin, 
respiratory or urinary tracts; in the remaining 70% of 
cases the onset is subacute and the symptoms are non-
specific.29 Several microrganisms can be responsible for 
a PJi: Staphylococcus Aureus is generally involved in 
the development of “early” infection whereas Strepto-
cocci, coagulase-negative Staphylococci, Enterococci 
and Anaerobes are usually isolated in “late” infections.

it is of pivotal importance to distinguish an infection 
from an aseptic loosening so the appeal to microbiology 
is mandatory for a correct diagnosis and appropriate 
antibiotic treatment as the common laboratory tests for 
inflammation (erythrocyte sedimentation rate [ESR], C 
reactive protein [CRP], blood leukocyte count and pro-
calcitonin) are non-specific and they can be altered in 
both conditions.

The point of view of the nuclear medicine 
physician in prosthetic joint infections

Nuclear medicine offers several radiopharmaceuti-
cals and techniques able to image infection and inflam-
mation with high sensitivity and specificity.

autologous radiolabelled WBcs scintigraphy, with 
both 111-indium (111in) and 99m-Technetium (99mTc) is 
nowadays the gold standard examination when an in-
fection is suspected. This modality is characterized by 
high specificity because leukocytes progressively accu-
mulate into infected tissue.30 The diagnostic accuracy 
of this examination is however deeply dependant to the 
modality of acquisition and interpretation of the scan. 
as already mentioned above, imaging at several time 
points (30’, 3 hours, 20 hours) with acquisition time 
corrected for hisotope decay and image display in abso-
lute counts, is strongly recommended by many authors 
and by the european association of Nuclear Medicine 
(eaNM).23, 31 The diagnosis of PJi can be formulated 
if an increasing uptake over time, in terms of intensity 
or extension, is observed in the affected joint compared 
to contralateral (figure 1). When qualitative analysis 
is not sufficient, a semiquantitative assessment can be 
helpful comparing target to background ratio (T/B) of 
delayed (3 hours post injection) and late images (20-24 
h) drawing region of interests (rois) on the uffected 
and unaffected joint. despite all these precautions, in 
some circumstances planar images can be equivocal. an 

can be performed at 3-4 h p.i. or at 20-24 h p.i. although 
some authors have suggested a single time point imag-
ing for osteomyelitis at 6-8 h post injection.

The use of fdg in infectious diseases increased sig-
nificantly the last years. The main limitation is that FDG 
is taken up both in inflammatory and infectious lesions 
and discrimination between them is often difficult, espe-
cially when there is metallic hardware in situ or if there 
was a recent fracture and/or surgery. currently, there 
are no clear interpretation criteria for declaring a fdg-
PeT positive or negative for peripheral bone infection, 
and mostly diagnosis is based on subjective criteria and 
experience. in the chronic peripheral non-postoperative 
setting results are equal to WBc scintigraphy.24 PeT/
cT to combine (patho)physiology with anatomy is al-
ready considered the gold standard, the use of a PeT 
only camera nowadays is considered obsolete.

More recently, the introduction of PeT/Mri has 
emerged as a powerful diagnostic tool, but so far not 
enough reports have been published on its value in pe-
ripheral bone infection. The general advantages of Mri 
compared to PeT/cT will be a better evaluation of soft 
tissue and the lack of radiation burden.

Prosthetic joint infections

Because of the increase of life expectancy, the num-
ber of patients requiring a prosthetic joint replacement 
has shown a significant growth in the last decades. The 
incidence of prosthetic joint infection (PJi) ranges be-
tween 2.0% and 2.4% for primary interventions,25 be-
ing up to 20% for revision procedures.26 in general, the 
development of an infection significantly affects the 
patient’s quality of life and social costs related to pro-
longed hospitalization, and it needs antibiotic treatment 
and repeated surgical approaches (toilette or substitu-
tion of prosthesis), especially if the diagnosis of this 
condition is delayed.25 A prompt identification of the 
infection is therefore needed to ensure an earlier and 
successful treatment for the patients with the aim of pre-
serving joint functionality.

redness, swelling, local pain, wound leakage and 
fever are the most common signs and symtoms of an 
infection that occours “early” after surgery (within 
three months). if bacteriemia remains unrecognized, 
a “delayed” (between three months and 2 years after 
surgey) or a “late” infection (2 years after surgey) can 
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formation of gamma-camera examinations, has sub-
stantially changed the way of make imaging improving 
the diagnostic accuracy of several scintigraphic scans. 
hybrid imaging offers the possibility to coregister the 
cT and SPecT reducing times of acquisition and the ar-
tefacts related to patient’s change of position. Moreover 
the use of cT scan allows a precise fusion of the areas 
of increased uptake with the morphological abnormali-
ties and it is important for another aspect that further 
improves image quality: the attenuation correction of 
images.34

In the specific clinical setting of PJI, the appeal to 
SPecT/cT in addition to planar images, allows a cor-
rect assessment of the extent of infective process into 
bone and it allows the evaluation of the eventual in-
volvement of soft tissues aiming to discriminate, with 
high specificity, between these two conditions.35-37

Several papers with encouraging results are available 
on this argument.38-43 in the large serie of Kim et al. the 
sensitivity, specificity and diagnostic accuracy of planar 
images were 82%, 88% and 84% respectively. adding 
SPecT/cT increased these values to 93.3%. The cT 
component resulted more contributory in patients af-
fected with hip prosthesis than for knee prosthesis.41 in 
patients studied by graute et al. with 99mTc-besilesom-
ab, a MoAb, the sensitivity, specificity and diagnostic 
accuracy of planar images were were 66%, 60% and 
61% respectively, wherease adding SPecT/cT these 
values increased to 77%, 89% and 73%.43 in the group 
of patients studied by filippi et al. in 2006, the accuracy 
of WBcs scintigraphy improved from 64% for SPecT 
alone, to 100% when SPecT is combined to cT. in the 
serie of al-Nabhani et al.,39 bone SPecT/cT was useful 
in 80% of patients with knee arthroplasty. Van der Brug-
gen et al. performed 111in-labelled WBcs with SPecT 
and 99mTc-sulphur colloid reaching a diagnostic accu-
racy of 95%.44 from these papers the use of combined 
SPecT/cT is strongly suggested in addition to planar 
images of bone, WBcs or Moab scan.

The role of fdg-PeT/cT, in the opinion of some 
authors, is underestimate.45 Several authors tried to de-
fine interpretative criteria for define a PJI according to 
qualitative or semiquantitative analysis but a validated 
method still does not exist.46-48

in a meta-analysis performed by Kwee et al. in 2008, 
pooled sensitivity and specificity of FDG-PET for 
the diagnosis of hip or knee prosthesis infection were 

increased uptake of WBcs can also be physiologically 
observed in reticulo-endothelial system of expanded 
bone marrow and this is the reason why a bone marrow 
scintigraphy may be performed after WBcs scan.32, 33

The role of Monoclonal antibodies (Moabs) against 
specific receptors expressed on granulocytes’ surface 
has been extensively investigated in order to overcome 
the limitations of the in vitro procedure of labelling 
WBcs (risk of contamination with a potentially infected 
blood, time consuming procedure that requires qualified 
personnel and adequate laboratory). image acquisition 
and interpretation are the same as the WBcs scan. how-
ever, also this method has its cons especially consider-
ing the possibility to induce human murine antibodies 
(haMa) in the patients that make this radiopharmaeu-
tical not useful in the follow-up.

although well acquired and displayed, planar images 
of both modalities have an important limitation, as they 
are not always able to discriminate between bone and 
soft tissue infection. This distinction is crucial in the 
optic of the choice of treatment. even when SPecT is 
performed in addition to planar images, the anatomic 
landmarks still lack. The advent of hybrid techniques 
that are characterized by the fusion of morphological 
details provided by cT with molecular/functional in-

figure 1.—a case of suspected PJi studied with 99mTc-hMPao-WBc. 
images were acquired in antero-posterior at 30 min, 3 h and 20 h with 
acquisition time corrected for isotope decay and displayed in absolute 
counts. The presence of osteomyelitis with soft tissue involvement is 
clearly defined in 20 h images without the need of SPECT/CT. Hybrid 
images, however, can add useful information on the extent of the infec-
tion.
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clinically relevant lesions, better localization of disease 
and differentiation between physiologic and pathologic 
uptake, characterization of disease by its functional and 
morphologic appearance before and after therapy and 
accurate delineation of disease, optimizing biopsy and 
therapy planning.

This is even more significant and important in the di-
agnosis of chest and sternum infections where the com-
plexity of mediastinal anatomy structures (heart, large 
vessels, main airways, esophagus, lymph nodes and 
skeleton) and related inflammatory pathologies requires 
a rapid and accurate diagnosis.

The most common and often more complex sternal 
and mediastinal infections to be studied are postopera-
tive interventions of valvular substitutions or aortic vas-
cular prostheses where the presence of metallic sternal 
keroses prevents or causes artifacts in the Mri study. in 
these cases, fdg-PeT/cT may be a viable alternative 
to cT, especially in elderly patients with reduced kidney 
function or hyperthyroidism in which the use of a con-
trast enhanced cT is contraindicated.56

fdg-PeT/cT appears to be the most sensitive meth-
od of diagnosing endocarditis in valve prostheses. in 
these cases, mortality is very high and around 30%, and 
it is essential to reach a diagnosis in the shortest pos-
sible time quickly set the most effective therapy. The 
most serious complications are perivalvular abscesses 
and metastatic infectious foci that generally affect the 
lungs, spine, but also the brain in about 30-68% of cases.

fdg-PeT/cT is indicated also in localization of ori-
gin of a fever of unknown origin (fuo) to guide biopsy 
and diagnosis: the fusion of PeT with cT imaging is 
essential to distinguish an osteomyelitis of the sternum 
from a more serious mediastinitis.57, 58 however, fdg-
PeT/cT cannot always distinguish infection from in-
flammation and sometimes cannot distinguish infection 
from malignancy. a large portion of patients with syn-
thetic vascular grafts will display high fdg accumula-
tion in the graft material or in the line of sternotomy 
during PeT/cT examination, even a long time after sur-
gery, without an infection of the graft or of the bone.

Inflammation is part of the complex biological re-
sponse of vascular tissues to harmful stimuli, such as 
pathogens, damaged cells, or irritants or a response of 
the organism to a pathogen or a microorganism and in 
this last case we have an infection. Because the fdg 
uptake in inflammatory tissues is related to concentra-

82.1% and 86.6% respectively.49 Wherease, in the re-
view of gemmel et al., fdg-PeT/cT seems to be more 
accurate for hip than for knee prosthesis. These authors 
reported a pooled sensitivity and specificity of 84% of 
this method.50 The diagnostic accuracy is influenced 
by the type of reconstruction method performed for the 
PeT scan and by the type and location of the prostheses. 
for example in the serie of reinartz et al., fdg-PeT/
cT showed an accuracy of 95% in hip prosthesis.48 in 
the study of Zhuang et al. the diagnostic accuracy is 
89.5% and 77.8% for hip and knee prosthesis respec-
tively.51 Basu et al. found a sensitivity and specificity 
of 81.8% and 93.1% for hip prosthesis and 94.7% and 
88.2% for knee arthroplasty.52

in the few papers comparing fdg-PeT and WBcs 
scintigraphy 47, 48, 52-54 the results are very variable 
mainly depending on the acquisition protocols and in-
terpretative criteria. love et al. found a higher diagnos-
tic accuracy of combined WBc scan and bon marrow 
scintigraphy compared to fdg-PeT.47 on the contrary, 
Pill et al.54 reported higher sensitivity and specificity for 
fdg-PeT/cT (95% and 93% respectively) compared 
to combined 111in-labeled WBc and 99mTc-sulfur colloid 
(50% and of 95% respectively). in the study of Van-
quickenborne et al.55 the two methods showed a similar 
sensitivity (88%), but WBc scan showed higher speci-
ficity compared to FDG-PET (100% vs. 78%).

in the joint eaNM/SNMMi guidelines for using fdg 
in inflammation and infection based on expert opinion, 
this modality retains an overall sensitivity of 95% and 
specificity of 98% for knee and hip prosthesis, but the 
general diagnostic accuracy overall was only 78%.29

The point of view of the nuclear medicine 
physician on sternal and mediastinal infections

SPecT/cT, PeT/cT and PeT/Mri are the most 
common hybrid imaging modalities used in human dis-
eases. Since 2001 the fusion of the anatomic details of 
cT with the functional imagings of PeT and SPecT 
allows an instant generation of fused images of PeT or 
scintigraphy and cT data. The clinical data on the use of 
these systems indicate that this hybrid technology im-
proves the diagnostic accuracy as compared to PeT or 
scintigraphy and cT alone if acquired separately. The 
improved diagnostic accuracy is reflected by improving 
image quality of SPecT and PeT, detection of more 
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in carbohydrate to minimize myocardial fdg uptake. 
Because endocarditis is a frequent cause of fuo in our 
experience we are applying the same diet to all patients 
with a suspect infection of aortic vascular prosthesis or 
with an implantable cardiac electronic device.

another important question is if the antibiotics can 
affect the sensitivity of fdg-PeT/cT: a recent paper 
Kagna et al. reported that antibiotic treatment has no 
clinically significant impact on the diagnostic accuracy 
of PeT/cT in a large series of patients.60

99mTc-hMPao-leukocyte SPecT/cT is the best im-
aging modality to distinguish an infection from a ster-
ile inflammation both in bone and in soft tissues.61 The 
positivity criterion of a mediastinal infection is a focal 
uptake that increases in intensity with time and become 
more focal. Typically the labelled leukocytes concen-
trate in cavities or collect around bones, or around vas-
cular prosthesis or around metallic devices like elec-
trodes or icd implanted in the thoracic wall. a series of 
planar and SPecT/cT images after 4 and 20-24 hours 

tion in granulocytes, lymphocytes and macrophages in-
volved in tissue repair, fdg-PeT/cT is not indicated 
in the first 3 months after surgery for the risk of false 
positivities.

The positivity criterion of a PeT study has been cor-
rectly defined in the EANM/SNMMI guideline for FDG 
use in inflammation and infection and is applicable for 
both mediastinal and sternal infections. Therefore, a fo-
cal uptake (like a fluid collect found in CT) with a stan-
dardized uptake value (SuV) higher than 4 is a reliable 
value to assess the presence of an infection both in soft 
tissues and in bones.29, 59

hyperglycemia reduces the sensitivity of fdg-PeT/
cT because the uptake of fdg in malignant and in-
flammatory cells is affected by the blood glucose level 
acting as a competitor. Therefore, the patient must be 
injected with a 6 hour fasting and with a glucose level 
lower than 1.8 g/l. To increase the diagnostic accuracy 
of fdg-PeT/cT the preparation of the patient is im-
portant with a 24 hours diet rich in fat and very low 

Figure 2.—[18F]FDG PET/CT in infection of the aortic arc and of the valvular prosthesis without involvement of the sternum.
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of the location, diffusion and intensity of a suspected in-
fection like in fuo whereas 99mTc-hMPao-leukocyte 
SPecT/cT has to be preferred in patients with recent 
surgery, inconclusive findings of other modalities and 
high suspicion of bacterial infections.

The point of view of the nuclear medicine 
physician on spinal infections

Spinal infections include vertebral osteomyelitis (in-
fection of the vertebral body), discitis (infection of the 
intervertebral disk) and spondylodiscitis (Sd) (infection 
of two adjacent vertebral bodies and their intervertebral 
disk).63 incidence of Sd in developed countries ranges 

must be taken to follow the accumulation of labelled 
WBcs to infected areas.62

in chronic sternal infections often a cold area is ob-
served because of the presence of necrotic bone into the 
physiological uptake of normal bone marrow: in this 
contest a peripheral faint uptake of leukocytes could be 
the only sign that confirms a bone infection.

Considering the specificity of 99mTc-hMPao-leuko-
cyte SPecT/cT, higher than fdg-PeT/cT this imag-
ing modality can be applied in all cases with inconclu-
sive findings of PET and other modalities or after recent 
cardiac surgery (figures 2, 3).

in conclusion for sternal and mediastinal infections, 
fdg-PeT/cT is a reliable method to start in the search 

Figure 3.—Upper images: [18F]FDG PET/CT in a patient refered for fever of unknown origin. Images show a diffuse uptake of FDG both in the 
aortic wall and in the recent sternotomy.
Lower images: [99mTc]-HMPAO labelled WBC with SPECT/CT acquisition at 20 h post injection in the same patient, showing no uptake in the aortic 
valve and moderate, physiological uptake in the sternotomy (false positive of [18F]-FDG PET/CT).
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[18F]FDG has been extensively investigated in SD. 
histopathologic and autoradiographic analysis of an 
experimental soft tissue abscess model showed that the 
[18F]FDG is mainly uptaken by neutrophils in the acute 
phase and by macrophages in the chronic phase of in-
fections.70

PET or PET/CT with [18F]FDG showed a very high 
sensitivity with relatively low specificity in diagnosing 
spine infections (figure 4).

fuster et al. have evaluated the usefulness of fdg-
PeT/cT in comparison to 99mTc-MdP bone scan 
and 67ga-citrate scintigraphy in the diagnosis of spon-
dylodiscitis in 34 patients showing the best diagnos-
tic accuracy of PeT/cT (Sens 89%, spec 88%, accu-
racy 88%) (69). Similar results have been confirmed by 
many other studies.63, 71

The pattern of activity is critical to accurate interpre-
tation.72 hungenbach et al. proposed a four different 
patterns (score 0-4) of fdg uptake:73, 74

from 4 to 24 per million per year.64 it occurs at any age 
but is most frequent in the fifth to seventh decades. Men 
are affected more frequently than women.64 The most 
frequent site of infection is the lumbar spine (45%) fol-
lowed by the dorsal (35%) and the cervical tract (20%).64

The diagnosis of Sd can be challenging and includes 
laboratory, microbiology, radiology, and nuclear medi-
cine examinations.

differential diagnosis includes others spine diseases 
like erosive osteochrondrosis, osteoporotic and patho-
logical fracture, bone metastasis, ankylosing spon-
dylarthritis, Scheuermann’s disease and post-surgical 
changes.

Bone scintigraphy with 99mTc-MdP/hdP and 67ga-
citrate have a sensitivity of 81.4% and a specificity of 
40.7% and of 86.3% and 35.8%, respectively.65, 66 a 
combination of 99mTc-MdP bone scintigraphy with 67ga-
citrate can be used to increase the diagnostic accuracy, 
but does not increase specificity too much.67-69

figure 4.—a case of suspected Sd. left panel: sagittal Mri images showing oedema of l4-l5 highly suggestive of spondylodiscitis. right panel: 
same patient studied with [18F]FDG PET/CT showing very moderate uptake of the radiopharmaceutical in L3-L4, this excluding the presence of an 
infectious process.
Patient performed a cT guided bone biopsy with microbiological culture, showing the absece of bacteria (false positive Mri scan).
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to a further improvement of the diagnostic accuracy of 
pre-existing methods. More recently, the introduction of 
PeT/Mri is emerging as a powerful diagnostic tool in 
several infective and inflammatory diseases, and, con-
sidering the high quality images provided by Mri in the 
study of soft tissues and bones, in the near future a pos-
sible use for imaging ostomyelitis and spondylodiscitis 
may be speculated.79
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