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Chapter 1  
 
 

Introduction  
 
Spine infections include vertebral osteomyelitis (infection of the vertebral body), 
discitiis (infection of the intervertebral disk) and spondilodiscitiis (infection of two 
adjacent vertebral bodies and their intervertebral disk). The exact anatomical 
location of the infective process allows to classify Spondilodiscitiis (SD) in anterior, 
posterior, spinal canal or bone graft site (1). The infectious process may extends into 
adjacent soft tissues; posterior extension can result in epidural, subdural abscess or 
in meningitis, while anterior or lateral extension can result in paravertebral, 
retrofaringeal, mediastinic or retroperitoneal abscess  

 

 

 

 

 

 

 

 

The prevailing etiology of SDs is bacterial, mycobacterium or, more rarely, micotic 
infection. Many pathologies, like diabetes mellitus, immuno deficiency syndromes 
i.e. AIDS, chronic renal failure and alcoholism represent predisposing factors. The 
most frequent site of vertebral infection is the lumbar spine (45%) followed by the 
dorsal (35%) and the cervical tract (20%) (2). 
SDs are clinically classified as primary or secondary being the latter most frequently 
consecutive to surgical procedures or associated with other pathological conditions. 
Men are affected more frequently than women (1.5:3.1).  
Primary SD   (bacterial or micotic etiology) represents 2-4% of all osteomyelitis. S. 
aureus is the most frequently isolated bacterium (55-80%), followed by coagulase 

Paravertebral 
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Epidural infection 
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negative staphylococcus and by enterobacter (Salmonella spp., E. coli, Klebsiella 
spp., Serratia spp.). Pseudomonas aeruginosa is frequently isolated in drug addicted 
individuals, while miceti lievitiformi like Candida spp., are responsible of infection in 
drug addicted and in patients with vascular devices (3-7). Acquired Immune Deficit 
Syndrome (AIDS) and decompensated diabetes represent predisposing condition.  
SD may occur at any age even if the incidence of primitive SD is higher in patients 
older than 50 years. The symptom constantly present during spondilodiscitis is back 

pain. Motor deficits (70%), elevated levels of C-reactive protein (CRP) and increased 
erythrocyte sedimentation rate (ESR) (64%) may be also present as do fever and 
spinal tenderness in variable percentage (3, 8).  
In adults, spinal infections are initially localised in the anterior part of the vertebral 
body which presents more vascular structures (9-10), thus extending into the 
adjacent tissues (intervertebral disc and adjacent vertebrae). 
Micobacterium tubercolosis SD (vertebral tuberculosis or Pott disease) begins in the 
anterior part of the vertebral body and usually involves the subcondral region, 
diffusing subsequently to the cortical bone and to the adjacent disk. The diffusion of 
Tubercular infection frequently involves soft paravertebral tissues. Pain 
accompanied by raise ESR, elevated CRP with normal or moderate increase white 
blood cells counts represent the most common symptoms. (11-12). Multi organ 
pathology is often present with high frequency of pulmonary localization that can 
sometimes mask other symptoms (13).  
Secondary SDs  are caused by direct contamination of microorganisms in the 
surgical field following spinal anesthesia, local infiltration of analgesics and, above 
all, surgical procedures for slipped disk, spondylolysis and spondylolistesis (2, 9-10, 
14-15).  
The bacteria more frequently isolated in this type of SD are St. Aureus, St. 
Epidermidis and Coagulase-negative St. Gram negative bacteria (E. coli, 
Enterobacter spp, Serratia spp., Pseudomonas aeruginosa, Acinetobacter spp.) are 
more often responsible of vertebral infection in AIDS and drug addicted patients (1).   
The incidence of secondary SD changes according to the type of surgical procedure:  
less than 1% risk of infection is observed after discectomy rising to 1-5% in spinal 
fusion without instrumentation (15), 2.6-4.4% in spinal fusion with instrumentation 
(16-17) and 6.9% in cases of surgery for scoliosis (18-21). When the infection is 
associated with a spinal implant, intraoperative cultures typically yield low-virulent 
microrganisms that hamper the cultural diagnosis, making necessary to extend the 
colture for more than one week (21). In fact, the presence of pus around spinal 
implants may be related to foreign body reaction consisting of non-infectious 
granulomatosis due to metallic debris produced by micromotion around the fiches of 
the implant. Intraoperative findings of such condition confirm the presence of an 
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extensive glycocalyx surrounding the entire spinal hardware without evidence of 
bacteria growth just as in aseptic loosening of joint prosthesis (22).  
Spine involvement may be present in different infective conditions as i.e. distant 
emboli in endocarditis. Those kind of SD are undervalued because of the clinical 
importance of the main disease. Clinical manifestations of secondary SDs are pain, 
motor deficits and fever accompanied by raised ESR, CPR and white blood cells 
counts. The course of SD, both primitive and secondary, is strongly affected by the 
time of diagnosis and early antibiotic treatment initiation (23). 
The diagnosis of SD is based on clinical symptoms, laboratory finding and 
microorganism isolation. Pathogens are directly characterized by intra-operative 
cultures of wound, bone or spinal implants and indirectly by blood cultures (24). 
Unfortunately, in every direct sampling the risk of non pathogens contamination 
leading to uncorrect diagnosis may be taken into account (25) as well as the 
possibility of a negative blood culture despite the presence of bacterial infection (26). 
Bacterial culture from specimens obtained by CT-guided biopsy has an high 
diagnostic specificity, but its sensitivity has been reported to range between 58% 
and 91% (2, 27). Thus, this invasive procedure is not routinely used.  
Diagnostic Morphological Imaging 
Magnetic Resonance Imaging (MRI) is currently considered the modality of choice 
for the evaluation of suspected spinal infections (28). MRI sensitivity and specificity 
in the early phase of primary SD are considerable and the high spatial resolution 
allows a brilliantly delineation of the infection extent (29). Nevertheless, this 
technique suffers from several limitations in differentiating vertebral benign 
pathologies from infection (30-32), for patients follow-up during antibiotic therapy 
and for the diagnosis of secondary SDs. In fact, this method is often inadequate to 
distinguish postsurgical changes from infective process (33-34) and in postoperative 
infections MRI cannot distinguish between septic and aseptic SD, especially in the 
early post surgical period (35). 
Diagnostic Functional Imaging 
Nowadays the gold standard imaging technique for infection is represented by 
autologous labelled leukocytes scintigraphy. Radiolabelled leukocytes presented 
high sensitivity (95%) and specificity in many infectious processes (90%) (36-37), 
but not in the case of vertebral infection. In fact, in case of SD labelled leukocytes 
scan presents a photopenic area of uptake in the corresponding vertebral body 
which is not specific for infection. The cold spot is caused by the failure of labelled 
leukocytes to localized into the infected bone because of vascular compression due 
to the development of  infarction and albeit septic, that may hinder white cells 
migration trough vertebral vessels (38).  
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Rarely, an increased uptake of labelled leukocytes in site of vertebral infection has 
been described and correlated to some extent with the duration of symptoms: less 
than 25% of patients who were symptomatic for more than 2 weeks presented such 
finding (38).  
Many other pathologies like vertebral crush, Paget’s disease or tumors show a 
decrease of leukocytes uptake in nuclear medicine imaging (37-46) making the 
presence of a cold area aspecific for vertebral infection diagnosis. Most 
radiopharmaceuticals proposed to complement the diagnostic value of MRI, such as 
bone scintigraphy with 99mTc-MDP or with 67Ga-citrate (47-48) and 18F-FDG PET 
(49-56) have shown high sensitivity but variable specificity (ranging from 35.8% to 
87.9%). Furthermore, they suffer from some limitations as non-negligible radiation 
burden, long acquisition time and high costs.   
Some new labelled infection tracers like PEG-lyposomes and IL-8 (61-62) showed 
high potential value for diagnosing infection, but they need further evaluation in the 
clinical setting. Radiolabelled antimicrobial peptides (63-64), have been proposed 
only in experimental animal models, therefore their potential to distinguish infection 
from sterile inflammation is very exciting, but it remains to be further validated in 
patients with SD. 
Indeed, infection imaging radiopharmaceuticals, such as 99mTc-ciprofloxacin, used 
originally in peripheral bone infection (57-58) have shown discordant results with 
high sensitivity but quite low specificity for spine infections especially when 
evaluating recently operated patients (59). To better understand the mechanism of 
action of labelled antibiotics we have evaluated, based of published papers the 
amount of bacteria-associated radiopharmaceuticals in the site of infection (Chapter 
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2). It has been possible to calculate the number of bounded molecules of 
radiopharmaceutical per single bacteria at site of infection and the results suggested 
that, the majority of radioactivity at site of infection is non-specifically bound to 
bacteria and it is due to presence of plasma leakage from capillaries.  
Streptavidin/biotin system is based on aspecific depot of streptavidin in infection site 
due to alterated capillary permeability and on the strong leakage between biotin and 
streptavidin. Two-step Streptavidin/111In-Biotin scintigraphy have demonstrated high 
accuracy in patients with osteomyelitis and spinal infections (Chapter 4 and 5), but 
the possible development of human anti-streptavidin antibodies and the non specific 
uptake of streptavidin at site of infection have limited its use.  
Biotin, also called vitamin H, is a water-soluble vitamin of the B-complex group of 
vitamins. Biotin (molecular weight about 224 d) is a growth factor for human cells 
and also for bacteria. In particular, pyruvate carboxylase, a key metabolic pathway 
for producing energy by ATP cleavage, is biotin-dependent and bacterial Acetyl-coA 
carboxylase is a biotin-dependent enzyme implied in the first step of fatty acid 
synthesis (66-67).  
Since the described limitation of the Streptavidin/Biotin approach and the specificity 
of biotin as bacterial growth factor, I explore the capability of 111In-Biotin alone to 
detect early vertebral infection in a large consecutive series of patients (Chapter 6) 
and then to study the add value of SPECT/CT acquisition of 111In-Biotin scintigraphy 
in the diagnosis of osteomyelitis of the skeleton (Chapter 7).  
In conclusions, in clinical setting the diagnosis of SD is based on clinical findings 
and imaging modalities that are often chosen on the basis of local availability rather 
than on a validated (evidence-based) diagnostic algorithm. This situation motivated 
me and collegues to publish first Italian guide lines (Chapter 3) and then European 
guide lines (in progress) about diagnostic nuclear imaging algorithms for infective 
diseases included those of osteomyelitis and SD.  
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Introduction 

Bacterial infection is nowadays one of the major causes of morbidity and mortality. 
Tuberculosis and multi-drug resistant bacteria are increasing and challenge the 
diagnostic approaches, the therapeutic schemes and the control of infection. Early 
diagnosis of infection and capacity to distinguish between bacterial and sterile 
inflamation is very important totake efficiently treat patients and prevent the 
complications of pathology.  Most of the infections are diagnosed on clinical history, 
physical examination, laboratory tests, identification of pathogens in body fluids and 
biopsies, and imaging techniques. The main difference between radiology imaging 
and nuclear medicine imaging in this pathology is time-relating: morphological 
imaging, such as plain radiography, US, CT and MRI are sensitive mainly in chronic 
stages of infection when significant anatomical changes are present. The detection 
of infection by nuclear medicine techniques relies on the physiological and 
biochemical changes at the site of disease, which manifest much prior to the 
appearance of the anatomical changes.  Nuclear medicine has therefore contributed 
in the last years in the development of several tracers, to discriminate between 
infection and sterile inflammation. However, none of these tracers are infection 
specific because sensitivity and the specificity can differ according to type of 
infection, type of micro-organism,  infection site and host clinical 
conditions/response. The number of micro-organisms available for targeting seems 
to be a major discriminating factor for nuclear medicine techniques. Paper by Akhtar 
et al (1) describes the relation between bacterial number and 99mTc-UBI-29-41 
uptake and points out the difficulty to discriminate between 2x104 and 2x106 bacteria 
charge in this model, and it is probably difficult to image less than 2x104 bacteria in a 
mouse. The question therefore arises about the minimum number of bacteria that 
can be detected in vivo to provide bacterial imaging in clinical application.  
Radiopharmaceuticals for imaging bacteria 
Radiopharmaceuticals for infection are very sensitive but do not show high 
specificity, this has been clearly summarized by Welling and colleagues (2) in a 
recent letter in reply to an editorial of G. Lucignani (3).   
A wide range of radiolabelled anti-microbial agents are on undergoing evaluation. 
The first group consists of radiolabelled antibiotics, such as 99mTc- or 18F-
Ciprofloxacin (4-9), 99mTc-sparfloxacin (10), 99mTc-ceftizoxime (11, 12) and 18F-
fleroxacin (13), anti-fungal agents such as 99mTc-fluconazole and 99mTc-isoniazid 
(14) and the anti-Mycobacterium Tuberculosis agent 99mTc-ethambutol (15). The 
second group of radiopharmaceuticals for imaging infections is derived from the 
array of human antimicrobial peptides/proteins that binds to specific bacterial 
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antigens (16), e.g. peptides derived from human lactoferrin (17), ubiciquidin 
(99mTc/18F-UBI) (18-22), human neutrophil peptide 1-3 (99mTc-HNP1-3; members of 

the α-defensins) (23) and, In this group we also include bacteriophages that 
specifically targets bacterial antigens (24). The third group of radiopharmaceuticals 
is represented by vitamins and bacterial growth factors that are necessary for 
bacteria growth as well as for human cell growth: in particular vitamin H, a group B 
vitamin, called Biotin, that was labelled with 111In (25). 
99mTc-UBI 29-41 
Antimicrobial peptides have a wide distribution throughout the animal and plant 
kingdom. They are produced by phagocytes, epithelial and endothelial cells, and 
other cell types providing protection against microbial attacks (26). Their expression 
is induced upon contact with micro-organisms or microbial products like 
lipopolysacarides (LPS) or pro-inflammatory cytokines, such as tumour necrosis 

factor (TNF)-α, interferon (INF)-γ and interleukin (IL)-1 and contributes to the innate 
resistance to infection. Although the various antimicrobial peptides present different 
chemical structures, their mechanism of action is based on the interaction of the 
cationic charged domains of the peptides with the negatively charged surface of the 
outer membrane of the bacteria. Microbial membranes expose negatively charged 
phospholipids, eg. lipopolisaccaride or teichoic acids, on their surface, while 
mammalian cells segregate into the inner leaflet the lipids with negatively charged 
headgroups, thus explaining the poor binding of antimicrobial peptides to 
mammalian cells (27, 28).. 99mTc-labelled ubiquicidin 29-41 peptide fragment (99mTc-
UBI) is a cationic human antimicrobial peptide (MW 1.69 kDa) with the aminoacid 
sequence Thr-Gly-Arg-ALA-Lys-Arg-Arg-Met-Gln-Tyr-Asn-Arg-Arg, and has 6 
positively charged residues (5 Arg + 1 Lys). This peptide has been investigated in 
animal studies showing rapid visualization of infections by gram-positive and gram-
negative bacteria and little accumulation in sterile inflammation processes has been 
found. 99mTc-labelled UBI 29-41 preferentially binds to bacteria and fungi in vitro and 
accumulates at site of infection in experimental animal studies, with fast renal 
clearance with minimal hepatobiliary excretion and seems to be able to detect 
infection in human (17-21). As compared to radiolabelled antibiotics this 
radiopharmaceutical shows much lower uptake (as T/B ratio) in infected lesions and 
this raises the question whether this is due to its higher specificity and lower non-
specific binding or whether it is due to lower number of molecules bound per 
bacteria. 
Further remarks on the use of radiopharmaceuticals for imaging bacteria 
About considerations stated above and literature, it is still unclear if it’s possible to 
image bacteria in vivo with radiopharmaceuticals, in particularly if it’s possible to 
image low bacterial number (and low targeting sites) that is enough to produce 
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infection (below 106 CFU). Indeed, there is very limited published evidence that 
radiopharmaceuticals for bacteria bind to infected sites in a dose dependent manner 
in relation to the number of bacteria. Akthar et al (1) try to answer to this question 
but it is not possible to make a comparison with other infection 
radiopharmaceuticals. This is due in part to the difficulty of planning similar in vivo 
experiments, considering the fast bacterial doubling time in vivo, different 
biodistribution, affinity and specific activity of radiopharmaceuticals. Furthermore, 
use of in vivo displacement studies (typically using large amounts of unlabelled 
product) are also limited because of bactericidal activity of these compounds that, in 
large amounts, may significantly reduce the number of target sites (29). 
Some more considerations can be made.  
1) First, since the growth of bacteria is logarithmic, it is possible to calculate the 
theorical number of bacteria only up to 1 or 2 hours after injection in animal models 
and therefore the distribution of the radiopharmaceuticals associated to bacteria. It is 
possible moreover to calculate correlation between the number and mass of micro-
organisms and the amount of labelled molecules of some radiopharmaceutical 
bound to bacteria based on molecular weight and specific activity of the 
radiopharmaceutical and the number, size and surface-to-volume ratio of bacteria. 
Because of the small size of the majority of bacteria, that are no larger than the 
average of eukaryotic cells (<20 µm), all bacteria have a large surface-to-volume 
ratio varying from about 3:1 (for bacteria of 2 µm of diameter) to 0.3:1 (for bacteria 
with diameter of 20 µm). This is an advantage if the binding site of 
radiopharmaceuticals is located on cell surface. Bacteria volume and mass are more 
difficult to calculate and vary according to shape and size of bacteria. For example 
Staphylococcus Aureus has an average volume of about 1.76 µm3 (0.5-1 µm of cell 
diameter) while a Mycobacterium Tuberculosis has a volume of about 8.4 µm3  (2-4 
µm in length and 0.2-0.5 µm in width). The weight of an average bacteria is reported 
to be about 5-15x10-7 g (30).  Therefore the available targeting mass of 106 S. 
Aureus is about 1.76 mm3, very small if compared to the mass of 106 granulocytes 
which is about 1.4 cm3 (4/3πr3 for 14µm diameter), 1000 fold more than bacteria 
volume. Despite surface binding sites in bacteria con be 10 to 50 fold more than 
those present on granulocytes, it is quite difficult to believe that we can image only 
such a small mass of bacteria with the available technology. 
2) The specific activity of most antimicrobial radiopharmaceuticals can be obtained 
from papers published, as well as number of bacteria at time of imaging and the 
accumulated radioactivity at site of injection (Table 1). It is therefore possible to 
calculate the number of bound molecules of radiopharmaceutical per single bacteria. 
The wide range of results suggests that, the majority of radioactivity uptake at site of 
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infection is non-specifically bound to bacteria and it is due to presence of plasma 
leakage from capillaries. 
3) Another aspect that we should consider is that infection associated with prosthetic 
joints is typically caused by micro-organisms that are able to grow in biofilms. Within 
biofilms, micro-organism are enclosed in a polymeric matrix and grow up into 
organized, complex community with structural and functional heterogeneity. In 
biofilm, microbes are protected from antimicrobial agents and host immune 
responses (31, 32). These conditions avoid to radiolabelled antimicrobial agents to 
interact with bacteria and explain the apparent failure of specific antibiotic therapy of 
the prosthetic infection.  
4) Last but not least is necessary to consider the host response to an infection 
process. Under the same conditions (with same number of bacteria) the bacteria 
growth is dependent on host reaction, particularly on macrophages and monocytes 
response. These cells can control infection spreading in a fast or slow way in 
accordance with their number and functionality that change between different living 
being and different tissues and psychological/metabolic condition of the host. In 
some cases, associated oedema and vascular leakage can also be readily induced 
by bacterial toxins produced by a very low number of bacteria (thus increasing 
possibility of non-specific accumulation of radiopharmaceuticals) and, in other 
cases, large number of bacteria may give rise only to a minor host response. Some 
radiolabelled anti-microbial agents have also shown to bind to monocytes and 
granulocytes (33-36). 
From these considerations it appears that we still need to investigate many basic 
aspects to better understand the mechanisms of binding and accumulation of 
radiopharmaceuticals to bacteria in chance to find a specific and reliable tool for 
imaging infection to be used in clinical settings together or as a replacement for 
labelled leukocytes scintigraphy or radiolabelled monoclonal antibodies to 
granulocyte antigens. 
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Table 1 . Calculation of number of living bacteria at 4 hrs after injection in animal models and 
activity/bacteria of some radiolabelled anti-microbials.  
 

Radiolabelled 
anti-microbial 

Specifc 
Activiy 
(mean) 

µµµµCi per 
molecul

e 

Type of 
bacteria 

Calculated n° 
of bacteria at 

site of 
infection at 

time of 
imaging 

Calculated 
bound 

molecules 
per 

bacteria 

Ref. 
used 
for 

analyss 

99mTc-UBI (29-
41) 

7 
µCi/µg 

4 x 10-4 
Staphylococ
cus aureus 

4 x 1010 17,400 
1, 17,  

21 
99mTc-

Ciprofloxacin 
5 

µCi/µg 
6.5 x 10-

5 
Staphylococ
cus aureus 

8 x 1010 76,200 
4, 6, 8, 

29 
99mTc-

Sparfloxacin 
5 

µCi/µg 
4 x 10-7 

Staphylococ
cus aureus 

4 x 1010 13,427,920 10 

99mTc-
Isoniazide 

5 
µCi/µg 

1 x 10-7 
Mycobacteri

um 
tuberculosis 

4 x 109 41,166,873 14 

 
Calculations have been made on the basis of information published by authors and 
of personal communication in case of Tc-UBI kindly provided by Dr. M. Welling. 
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The inflammation and infection of bone include a wide range of processes that can 
result in a reduction of function or in the complete inability of patients. Apart from the 
inflammation, infection is sustained by pyogenic  microorganisms and results mostly 
in massive destruction of bones and joints. The treatment of osteomyelitis requires 
long and expensive medical therapies and, sometimes, surgical resection for 
debridement of necrotic bone or to consolidate or substitute the compromised bones 
and joints. Radiographs and bone cultures are the mainstays for the diagnosis but 
often are useless in the diagnosis of activity or relapse of infection in the lengthy 
management of these patients. Imaging with radiopharmaceuticals, computed 
tomography and magnetic resonance are also used to study secondary and chronic 
infections and their diffusion to soft or deep tissues. The diagnosis is quite easy in 
acute osteomyelitis of long bones when the structure of bone is still intact. But most 
cases of osteomyelitis are subacute or chronic at the onset or become chronic 
during their evolution because of the frequent resistance to antibiotics. In chronic 
osteomyelitis the structure of bones is altered by fractures, surgical interventions 
and as a result of bone reabsorption produced by the infection. Metallic implants and 
prostheses produce artefacts both in computed tomography and magnetic 
resonance images, and radionuclide studies should be essential in these cases. 
Vertebral osteomyelitis is a specific entity that can be correctly diagnosed by 
computed tomography or magnetic resonance imaging at the onset of symptoms but 
only with radionuclide imaging is it possible to assess the activity of the disease after 
surgical stabilization or medical therapy. The lack of comparative studies showing 
the accuracy of each radiopharmaceutical for the study of bone infection does not 
allow the best nuclear medicine techniques to be chosen in an evidence-based 
manner. To this end we performed a 
meta-analysis of peer reviewed articles published between 1984 and 2004 
describing the use of nuclear medicine imaging for the study of the most frequent 
causes of bone infections, including prosthetic joint, peripheric post-traumatic bone 
infections, vertebral and sternal infections. Guidelines for the choice of the optimal 
radiopharmaceuticals to be used in each clinical condition and for different aims is 
provided. 
 

Peripheric post-traumatic and prosthetic joint infe ction 
Background 
Osteomyelitis is an infection of bone caused by a pyogenic organism, primarily the 
Staphylococcus aureus. Histologically, osteomyelitis is categorized as acute, 
subacute or chronic, with the presentation of each type based on the time of disease 
onset (i.e., occurrence of infection or injury). Acute osteomyelitis develops within 2 
weeks after disease onset, subacute osteomyelitis within one to several months and 
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chronic osteomyelitis after a few months. Other classification systems of 
osteomyelitis, beyond the general categories of acute, subacute and chronic, are 
preferred clinically. The Waldvogel classification system divides osteomyelitis into 
the categories of haematogenous, contiguous and chronic (Table 1) [1–3]. In the 
same way in the more recent Cierny–Mader system the terms acute and chronic are 
not used still (Table 2) [4]. The stages in this system are dynamic and may be 
altered by changes in the medical condition of the patient (host), successful 
antibiotic therapy and other treatments. On the other hand, the classification 
systems for osteomyelitis describe the infection and determine the need for surgery, 
but the categories do not apply to special circumstances (i.e., infections involving 
prosthetic joints, implanted materials) or special types of infection (e.g., sternal or 
vertebral osteomyelitis). Acute haematogenous osteomyelitis occurs predominantly 
in children, usually involving the metaphysis of long bones. Patients have signs of 
systemic illness, including fever, irritability and lethargy with tenderness over the 
involved bone and decreased range of motion in adjacent joints. 
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The subacute and chronic forms of osteomyelitis usually occur in adults, generally 
secondary to an open wound, most often an open injury or a surgical intervention to 
bone and surrounding soft tissue. Localized bone pain, erythema and drainage 
around the affected area are frequently present with deformity, instability and local 
signs of impaired vascularity. The infection usually spreads from bone to soft tissues 
and vice versa. So the incidence of deep musculoskeletal infections from open 
fractures is high (23%) [5]. In bone infection, usually the pus is produced within the 
medulla, and may result in a swollen or in a typical abscess of marrow space. As the 
swollen tissue presses against the rigid outer wall of the bone, the blood vessels in 
the bone marrow may become compressed, reducing or cutting off the blood supply 
to the bone. Parts of the bone may die and remain excluded by the haematic supply 
of medical treatment. In these areas infection can persist for months or years 
causing complication with necrosis and fractures of the infected bone. Surgical 
treatment of osteomyelitis involves debridement of necrotic bone and tissue, and, 
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the implant of metallic hardware to obtain bone stability. Moreover, the exposure of 
the bone to open fractures or the implants of joint prostheses are the most common 
causes of osteomyelitis. 
Diagnosis 
The diagnosis of osteomyelitis is based on the clinical findings, with physical 
examination and laboratory tests: elevations in the erythrocyte sedimentation rate 
and C-reactive protein are the most frequent signs of infection. Leukocytosis may be 
noted and blood cultures could be positive more frequently in acute osteomyelitis. In 
osteomyelitis plain film radiography shows a typical evidence of bone destruction 
with deep soft-tissue swelling but radiographic signs may not appear until 
approximately 2 weeks after the onset of infection [6]. This could be a problem in 
paediatric age groups where osteomyelitis of long bones can lead to damage of 
growing cartilage with a cessation of bone lengthening [7]. The radiological 
diagnosis of haematogenous osteomyelitis is quite simple because of the intact 
structure of surrounding normal bone [8]. In secondary and chronic osteomyelitis 
bony changes include osteolysis, periosteal reaction, sequestra of necrotic bone and 
sub-periosteal new bone formation and these signs are less specific for the activity 
of the infection [9]. Ultrasonography may be helpful in the diagnosis of 
muskuloskeletal infections detecting fluid collections (e.g., an abscess) and 
periostitis or guiding the biopsy but it is limited in deep tissues and in bone marrow 
infections [10,11]. The culture of joint aspiration and fluid collection is necessary to 
assess the aetiology of an infection and to set a specific treatment. Moreover, in 
approximately 30% of all osteomyelitis the results of culture are equivocal or 
negative because of antibiotic treatment or of the difficulty in obtaining sufficient or 
adequate material [12–14]. The computed tomography (CT) signs of osteomyelitis 
include osteolysis in cortical bone, small foci of gas and minute foreign bodies or 
increased vascularity after administration of contrast media. CT cannot detect early 
functional processes in bone infections because of the delay in detecting bone 
structure alterations but it is less limited by artefacts than is ultrasonography [15]. 
Magnetic resonance imaging (MRI) has a high sensitivity for osteomyelitis and 
infection of soft tissues and also provides greater spatial resolution in delineating the 
anatomical extension of osteomyelitis. Moreover, both CT and MRI lack specificity in 
chronic infection and in prosthetic joint replacements when metallic devices are 
implanted because of the artefacts due to metallic implant and the difficulty of 
detecting active infection in altered bone after surgical treatments or repairing bone 
processes [16,17]. MRI is particularly useful in haematogenous osteomyelitis and in 
diskitis involving the axial skeleton and pelvis. The bone structure alterations in 
chronic infection can persist intermittently for years. Even with intravenous 
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administration of contrast media it is difficult to distinguish latent infection from 
simple bone remodelling by both CT and MRI. 
The role of nuclear medicine 
Three-phase bone scintigraphy with 99mTc-disphosphonates (MDP, HDP, DPD, 
HEDP) is the most widely diffuse nuclear imaging procedure in the study of bone 
infections because of its low cost and high availability [18–20]. In acute 
haematogenous osteomyelitis and in children bone scintigraphy becomes positive 
24–48 h after the onset of symptoms of infection. The bone scintigraphy signs of 
osteomyelitis are an increased vascularity both in dynamic and in blood pool images 
and an increased metabolic uptake of 99mTc-disphosphonates in late images (2–3 h 
after i.v. injection). Moreover, the specificity of bone scintigraphy is not high and 
diagnosis of osteomyelitis in many clinical situations is difficult. Bone scintigraphy 
cannot correctly distinguish osteomyelitis from a neurotrophic lesion, post-surgical 
changes, a healing fracture or a chronic infection from a simple mobilization of joint 
prosthesis. Radiolabelled autologous leukocytes (WBCs) are widely used to image 
infection and inflammation because of their excellent performance in most cases of 
osteomyelitis [21–24]. Scintigraphy with WBCs or granulocytes labelled with both 
111In and 99mTc-hexamethylpropyleneamineoxime (99mTc-HMPAO) are preferred 
in the diagnosis of bone infections secondary to traumas and fractures, and in the 
study of prosthetic joint implants [25–28]. The main problem of leukocyte 
scintigraphy is the normal margination of leukocytes and granulocytes in bone 
marrow: in central bone this produces a lack of specificity because of a high 
percentage of ‘cold defects’ due to lower blood supply areas and to necrotic bone. In 
contrast, in peripheral bones, especially after orthopaedic surgery, there are often 
displacements of bone marrow with ‘hot spots’ that must be distinguished from focal 
infection [29]. Therefore, in chronic osteomyelitis there is a faint migration of 
leukocytes from vascular spaces which can result in reduced accuracy of WBC 
scintigraphy [30,31]. The method of colloid subtraction of bone marrow proposed by 
Palestro et al. [32] in hip prostheses and the quantitative or semi-quantitative 
analysis of serial images of labelled WBCs, proposed more recently, has resolved 
most of these interpretation problems. All recent papers give the comparison with 
bone marrow activity as the fundamental method of interpretation of WBC 
scintigraphy in osteomyelitis [33]. The mechanism of action of labelled monoclonal 
antibodies (MoAbs) is the binding to surface antigens on granulocytes giving an in-
vivo labelling of cells that does not require blood manipulation [34]. It has also been 
suggested that the antibody may preferentially bind to granulocytes that have 
migrated from vascular spaces and become activated. A part of the injected tracer 
may bind to inflamed tissues for increased capillary permeability, due to increased 
diffusion of proteins into the interstitial space. Recently, Skehan published a study 
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demonstrating that 99mTc-Fab2 directed against NCA-90 surface antigen does not 
localize in inflammation as a result of binding to circulating granulocytes but is 
cleared into inflammation non-specifically via increased vascular permeability [35]. 
Human polyclonal immune globulin (HIG) accumulates in infectious and 
inflammatory foci by non-specific extravasations, facilitated by locally enhanced 
vascular permeability. Usually, HIG is labelled by both 99mTc and 111In and the longer 
half-life of 111In-HIG compared to that of 99mTc permits images to be obtained after 
24–48 h, thus improving the target:non-target uptake in chronic inflammation where 
the permeability is only moderately increased [36,37]. 67Ga was the first tracer to be 
introduced in nuclear medicine for the detection of inflammation, although the 
mechanism of uptake into inflamed and neoplastic tissues is still not completely 
understood [38]. Diffusion from blood by transportation as gallium-transferrin and/or 
by increased endothelial permeability are the most likely hypotheses. Uptake into 
lymphoma and other malignancies (e.g., lung cancer) or in chronic granulomatous 
processes (e.g., sarcoidosis or tuberculosis) and bowel activity are the most 
frequent problems in the interpretation of gallium studies. Positron emission 
tomography (PET) using 2-[18F]fluoro-2-deoxy-D-glucose (18F-FDG) is a promising 
technique for the diagnosis of bone infections and inflammation based on the 
intensive consumption of glucose by mononuclear cells and activated granulocytes 
[39]. The method may have limitations in distinguishing uncomplicated bone healing 
from osteomyelitis. Bone healing involves an inflammatory phase that represents a 
highly activated state of cell metabolism and glucose consumption, mimicking 
infection on PET images [40]. 
Meta-analysis 
Eighty-nine studies published between 1984 and 2004 have been analysed and 
considered for a metanalysis of published data concerning the radionuclide imaging 
of bone infections [13,14,16–20,22–103]. Only the papers regarding clinical figures 
in humans were included: special attention was given to papers dealing with 
radionuclide techniques that are widely diffused and papers reporting comparative 
results among the different radionuclide imaging techniques or among nuclear 
medicine and other procedures to diagnose bone infections (plain film radiography, 
MRI, CT, ultrasonography, guided aspiration biopsy). Case reports and reviews 
without clinical results were considered for the discussion but not included in the 
meta-analysis. Also not included were experimental techniques that are not 
commercially available in most of countries (e.g., use of peptides, labelled 
antibiotics, cytokines, liposomes, avidin/biotin). In the first phase, papers regarding 
the most common causes of bone infections (peripheral open fractures and 
prosthetic joint infections) were considered. The papers regarding infections of the 
vertebral column or sternum (which require a particular diagnostic approach) were 
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excluded in the first meta-analysis and collected in the second and third phases. In 
the same way, all papers regarding infections of the diabetic foot, which are 
characterized by a singular pathogenesis requiring a specific diagnostic and 
therapeutic approach, were excluded from this meta-analysis. Most of the papers 
included in the meta-analysis concern three-phase bone scintigraphy (29 papers) 
followed by scintigraphy with mixed WBCs or granulocytes labelled with 111In (26 
papers) and, more recently, with 99mTc-HMPAO (22 papers). In the papers published 
in the past decades the combined technique of bone marrow subtraction (obtained 
by simultaneous sulfur colloid injection) is preferred for leukocytes labelled by indium 
or technetium. Other papers included radionuclide imaging of granulocytes labelled 
by Mabs (eleven), or the use of gallium (seven), HIG (seven), fluid aspiration biopsy 
(six), MRI (five) and 18F-FDG PET (six) used alone or with different combinations of 
techniques. Table 3 reports the results of the meta-analysis collecting the single 
tracers considered independently by the techniques used (for example, the 
combination of bone scintigraphy and gallium or WBCs and colloids) and 
independently by the time after i.v. injection (for example, labelled WBC imagings 
collected after 2, 4, 8 or 24 h were put together). The first column of Table 3 gives 
the number of lesions reported in the patients. Where there was more than one 
lesion for a patient (e.g., in the study of joint prosthesis infections) these were also 
included. Approximately 8180 lesions were studied with the different methods. The 
greatest number of lesions were studied with leucocytes (WBCs and granulocytes) 
labelled with 111In (2147 lesions) and 99mTc-HMPAO (1453 lesions) [62–67]. Both 
techniques allow a diagnostic accuracy of around 90%. Despite of the highest 
number of patients studied, labelled WBC scintigraphy is not the most accurate 
technique. Amazingly, the use of WBCs labelled with 99mTc had a greater sensitivity 
(89%) and specificity (90.1%) than WBCs labelled with 111In (82.8% and 83.8%, 
respectively, for sensitivity and specificity) event though most cases of osteomyelitis 
are typically chronic infections requiring a longer time than acute infections to obtain 
a significant accumulation of cells. This can be explained by considering the more 
recent publications dealing with 99mTc labelling (after 1990) in comparison with 
111In. Much of the recent work has benefitted from the experience of Palestro, and a 
combination of 99mTc-colloid bone marrow imaging and 111In-oxine leukocyte 
imaging at 24 h has been proposed [70,71]. For WBCs labelled with 99mTc several 
authors proposed prolonging the scans until 24 h, which would give a result that was 
as effective as the comparison with colloid images. The accuracy of labelled WBCs 
is high in peripheral bone and in acute or sub-acute infections [72]. In the axial 
skeleton or in chronic infections ‘cold areas’, with a lack of specificity of WBC 
scintigraphy, are often reported [73]. 
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Table 3.  Results of the meta-analysis of data published between 1984 and 2004 regarding 
the infections of peripheric bone and of prosthetic joint implants. 
 

 
WBC=labelled white blood cells and granulocytes; BS=bone scan (multiphase); MoAb= 
monoclonal antibodies against granulocytes antigens; HIG=polyclonal human immune 
globulin; MRI=magnetic resonance imaging; Lesions= number of lesions for which the data of 
sensitivity, specificity, accuracy; PPV= Positive predicitive value; NPV=negative predictive 
value; NA= not available data. All parameters have been weighted for the number of lesions 
available in each study.  
 
Immunoscintigraphy with MAbs against granulocytes has the advantage, according 
to most authors, of greater simplicity in comparison to in-vitro labelling of WBCs 
[74,75]. Currently, there are three different antibodies available for clinical use: the 
whole antibody 99mTc-IgG (Granuloscint (BW 250/183)), 99mTc-Fab2 (Leukoscan 
(MN3)) and CD15, IgM (LeuTech, Palatin Technologies, now NeutroSpec, marketed 
by Tyco in the USA). Our meta-analysis included only the papers that refer to the 
two older of these three MAbs. The accuracy of 99mTc- Fab2 is higher than the 
accuracy of whole antibody BW250/183 (86% vs. 83.2%) [1,76–83]. Moreover all 
murine antibodies injected intravenously can be perceived as foreign proteins that 
provoke an allergic response from the patient’s immune system, leading to the 
production of human anti-mouse antibodies. The possibility of producing such 
antibodies is a serious concern because the chance of a severe allergic reaction 
may be increased when scintigraphy is repeated, as is frequent in orthopaedic 
infections. The small Fab2 fragment significantly reduces the chance of a severe 
immune reaction. Nevertheless, these agents give a result that is somewhat less 
accurate than that obtained by using in vitro labelled leukocytes [84,85]. HIGs 
labelled by either 99mTc or 111In do not induce antibody reactions and are as accurate 
as the MAbs in the diagnosis of bone infections [86–89]. The sensitivity of these 
tracers is the highest in our meta analysis (95.2%) but the specificity and the 
predictive positive index are rather low (78.7% and 72.7%, respectively). This 
suggests the first indication of immunoglobulin should be to confirm the activity of an 
inflammation, especially of chronic inflammation of joints, while they are useless in 
the differential diagnosis between infection and antiseptic inflammation. 
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Nanocolloids labelled with 99mTechnetium are initially employed in the study of bone 
marrow: the accumulation of colloids in inflammation is related to the increased 
vascular permeability in inflamed tissues [90]. The papers included in our analysis 
show an accuracy of 80.7% in imaging of bone inflammation [91–93]. Although the 
tracer is economic and supplies the result in less than 1 h after the i.v. injection, its 
use has been almost abandoned because of its low specificity (80.5%). 67Ga citrate 
is the oldest tracer used to image infection: it has a half-life of 3.26 days and this 
allows imaging to be obtained until 3–4 days after i.v. injection [6,50]. Despite this 
useful time span the accuracy of this method is low (78.2%) in comparison with 
other radionuclide methods (Table 3). The specificity for infection is 81.2% and the 
positivity of gallium is reported in most lymphoproliferative processes, in solid 
tumours and in chronic granulomatous flogosis (excluding tuberculosis and 
sarcoidosis). Most authors recommend the addition of bone scintigraphy to increase 
the accuracy of the results by combining metabolic with infective imaging [94–96]. 
Despite accumulating in malignant tissues or in areas of bone remodelling, gallium 
still maintains a primary role in imaging chronic osteomyelitis (secondary 
osteomyelitis, spinal infections, tubercular infections) [97]. In our meta-analysis, 18F-
FDG PET was the most accurate method (91.9%) for the study of bone infections. 
The sensitivity is 94% and the positive predictive value is 94.2%. The specificity is 
lower than 99mTc-WBCs (89.1%) but higher than all other imaging methods. So, 18F-
FDG PET appears to be a valuable tool for the assessment of inflammation during 
follow up of secondary osteomyelitis and for the study of infections treated by 
antibiotics [98]. 
Clinical indications 
Primary and haematogenous osteomyelitis must be studied by three-phase bone 
scintigraphy due to the high sensitivity of this method in differentiating increased 
metabolic uptake of inflamed bone from that in intact bone. Haematogenous 
osteomyelitis is typically multifocal and a whole-body study is essential. Red bone 
marrow occurs widely in the bones of all children and most adolescents and the 
accuracy of all radionuclide tracers (labelled WBCs, granulocytes, MAbs, HIG, 
microcolloids and gallium) is reduced by the physiological distribution of the tracer in 
bone marrow. In secondary bone infections, bone scintigraphy has limited 
usefulness because of its low specificity in non-consolidated fractures or in chronic 
secondary osteomyelitis, and more specific tracers such as labelled WBCs or 
monoclonal antibodies are preferred [99–101]. In patients surgically treated with 
metallic devices or with joint prostheses bone scintigraphy alone is not sufficient. 
Radiographs and bone cultures are the first approach to the diagnosis of a 
suspected infection in a painful device to assess the position and the connection 
between bone and metallic devices [95]. In the same way the usefulness of MRI and 
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CT are questionable because of the metallic artefacts [96]. By means of colloid 
subtraction or quantitative analysis, WBC scintigraphy is the most accurate 
investigation to establish if the infection is present or if it persists or it is reduced. 
Moreover, steroids and antibiotics can reduce the uptake of leucocytes because of 
inhibition of cytokines and could lead to false negative results because of a 
reduction of cellular migration in the inflamed areas. In our experience, in chronic 
infections, and if antibiotics have been given for more than 4 weeks, treatment 
should be suspended for 2 weeks before WBC scintigraphy in order to increase the 
sensitivity of the method. In acute infections, and if antibiotics have been given for 
less than 1 week, it is not necessary to discontinue the treatment. In chronic bone 
infections the migration of granulocytes from vascular space is reduced and the 
accuracy of WBC scintigraphy is lower than in acute osteomyelitis. Gallium, 
associated with bone scintigraphy, is an excellent method for studying the 
persistence or activity of chronic infection in bone and in the diagnosis of 
osteomyelitis activity. 18F-FDG PET is a promising technique for diagnosing the 
activity of a doubtful foci of osteomyelitis but is less specific in distinguishing 
infection from inflammation: its application should be in the diagnosis of chronic 
osteomyelitis where the accuracy is higher than gallium. Moreover, this imaging 
technique is not widely available and is more expensive than all others [102–104]. 

 
Infections of the vertebral column 
Introduction 
Spondylo-diskitis is an infection of two or more contiguous vertebrae and the 
intervertebral disks, occasionally with soft-tissue extension. The posterior extension 
of infection can be delayed; in an epidural, subdural abscess, in meningitis, the 
anterior and/or lateral extension in paravertebral, retropharyngeal, mediastinal and 
retroperitoneal abscesses. In clinical practice spondylodiskitis is divided into primary 
or secondary. The secondary form is principally of iatrogenic aetiology (post-surgical 
operation). The course of the disease depends on early diagnosis and early 
introduction of effective antibiotic therapy [105]. The diagnostic imaging modality for 
detecting spondylodiskitis is often radiological. MRI can easily detect primary 
spondylo-diskitis [106]. Instead, in the presence of secondary spondylo-diskitis, MRI 
may present some limitations due to aspecific signal characteristics [107], and the 
lack of fat suppression sequences [108] particularly in the immediate post-operative 
period, when onset of the disease is common. The determination of a 
microbiological diagnosis by using a CT-guided biopsy is not routinely performed 
and presents a specificity of 100% and variable sensitivity from 58 to 91% [109–
113]. The conventional radiopharmaceutical for infectious disease (labelled 
leukocytes) can fail in the detection of vertebral osteomyelitis so 18F-FDG PET or 
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combinations of 99mTc-diphosphonate bone scintigraphy and 67Ga citrate 
scintigraphy are used to complement MRI [97,114–116]. 
Meta-analysis 
Thirty papers published between 1984 and 2004 have been evaluated [96,105–134]. 
Some original articles and reviews report higher sensitivity and specificity of 
scintigraphic imaging compared to radiological imaging. Nevertheless, some 
observations evaluate data from unselected disease populations [135–137]. One 
paper incorrectly describes as false negative the presence of a cold area in relation 
to an infectious vertebral body detected by 99mTc-WBC scintigraphy [138]. A ‘case 
report’ suggests that only nuclear medicine imaging is useful in diagnosing 
spondylo-diskitis [139]. 18F-FDG seems to be a good radiopharmaceutical showing 
high sensitivity (100%) and specificity of 88% [140,141]. From a literature analysis 
we note that the sensitivity of infection tracers used in the study of spondylo-diskitis 
varies from 63 to 100%, the specificity varies from 36 to 100%, and the accuracy 
from 62 to 90% (Table 4). In the table we report only the results of single infection 
tracer; two papers presenting data obtained by the combination of two different 
radiopharmaceuticals (99mTc-MDP and 67Ga) show higher values of both sensitivity 
and specificity of the tracers [97,114]. Is important to mention that there are some 
papers on experimental tracers not included in the table but which have already 
been published in human trials (111In-biotin [142,143] and 99mTc-ciprofloxacin 
[144,145]). These tracers that seem to present higher values of specificity compared 
to conventional radiopharmaceuticals were not considered. 
Clinical indications 
Nuclear medicine procedures are necessary in the diagnosis of secondary spondylo-
diskitis, especially in post-surgical forms where sensitivity and specificity of 
radiological imaging maintain an important decrement. A suspicious primary 
spondylo-diskitis represents an additional indication in the presence of doubtful 
radiological imaging (MRI and/or CT). 
Conclusions 
From the literature meta-analysis we conclude that in suspected spondylo-diskitis 
the use of labelled leukocytes is not recommended because of their usual inability to 
reach the site of vertebral infection and because of their lack of utility in the follow-up 
pathology. The first-choice scintigraphic procedure is 18F-FDG PET. The presence of 
18F-FDG uptake in the vertebral body will be diagnostic for the presence of infection. 
Nevertheless, clinical interpretation of any 18F-FDG accumulation is essential 
because the radiopharmaceutical lacks specificity. The combination of bone and 
67Ga scintigraphy represents a valid alternative for revealing the presence of an 
infectious vertebral process. If the uptake of 67Ga is higher than the uptake of 
99mTc-disphosphonate the scintigraphy will be positive for infection whereas if the 
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67Ga uptake is less than 99mTc-disphosphonate the scintigraphy will be positive for 
bone fracture or other bone pathology. 

 

Table 4.  Infections of the vertebral column: results from meta-analysis of data published 
between 1984 and 2004 
 

 
Abbreviations as in the footnote to Table 3 
 
 
 
Table 5.  Sternal wound infection: results from a meta-analysis of data published between 
1984 and 2004 
 

 
Abbreviations as in the footnote to Table 3 
 
 
 
Sternal wound infections 
Introduction 
Cardiothoracic surgery for aortocoronary by-pass is the most common surgical 
technique in western Europe. Sternal wound infection after surgical approach is a 
potential life-threatening complication (1–3%) in openheart operations that requires 
prompt diagnosis for optimal treatment. Sternal wound infection may be superficial 
or deep [146]. The extent of superficial infection involves skin and subcutaneous 
tissues. Deep infection may involve the sternum and deeper tissues such as peri-
sternal and retrosternal spaces. The differential diagnosis is crucial for a correct 
therapeutic approach since superficial infection has a good prognosis with prompt 
and aggressive antibiotic therapy. On the other hand, in cases of deep infection, the 
prognosis may be unfavourable with increased morbidity and the percentage of 
death for mediastinitis and osteomyelitis may be 50–70% [147]. The clinical 
suspicion of infection is based on clinical examination by the presence of erythema, 
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oedema, purulent drainage, local pain and general signs such as fever, tachycardia 
and leukocytosis. In some patients, correct diagnosis between superficial and deep 
infection is distinguished by positive cultures of deep sternal wound aspirates. 
However, in some patients deep infection may be occult with low fever and normal 
sternal wound. In these cases culture from aspirates may be doubtful or negative 
[146]. For this purpose it is necessary for the use of specific diagnostic techniques 
able to (1) visualize and localize the infective process and (2) evaluate the extent of 
infection on deep tissues. The results obtained from these tests are therefore used 
for therapy decision making: antibiotic therapy or surgical revision of wound. 
The role of nuclear medicine 
The diagnostic modalities available to study sternal wound infection and their 
applications are listed in Table 5. The ‘gold standard’ for distinguishing superficial 
from deep infection is microbiological culture of deep sternal wound aspirate. But 
diagnosis may be difficult in the early post-operative stage due to general 
inflammatory reaction after operative trauma and extra-corporeal circulation, which 
includes fever, leukocytosis and elevated C-reactive protein. Patients with signs of 
sternal wound infection or sternal dehiscence are rapidly brought to operation, but 
those with unclear clinical presentation present a diagnostic dilemma. The first 
method of ‘imaging’ that is utilized has been plain film radiography of the thorax but 
it cannot aid diagnosis of sternal wound soft-tissue infection [148]. Radiography 
visualizes bone disruption, focal osteopenia and periosteal reaction, usually 
associated with enlargement of retrosternal tissue. However, its value is limited in 
differentiating between post-operative complications, haemorrhage, oedema and 
mediastinitis. The X-ray is normal in the early course of infection and when 
osteomyelitis is evident the risk of mediastinitis is greatly increased [149]. Therefore, 
in some patients the presence of fluid and gas under the wound for a few days after 
a surgical procedure could be normal [150]. CT is able to demonstrate adjacent soft-
tissue changes and gas, which are non-specific signs of infection, and anatomical 
details such as subtle erosions, reactive periosteal new bone formation and sharply 
marginated sclerosis [151]. However, this method is characterized by low sensitivity 
because signs of infection are clearly evident in the late stage. In addition, CT has a 
low specificity because the anterior mediastinum is generally abnormal after 
sternotomy and deeper sternal wound infections are difficult to diagnose [152]. By 
contrast, ultrasonography is useful in detecting superficial infection, in particular the 
extent to soft tissues. Several different radiopharmaceuticals have been used to 
detect sternal wound infections: 67Ga, 99mTc-methylene diphosphonate (99mTc-MDP), 
111In-WBCs, 99mTc-HMPAOWBCs and 99mTc-MoAb anti-granulocyte antibodies. 
However, these techniques are often not included in published diagnostic flow charts 
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and diagnostic guidelines from clinical societies, even though their utility has been 
shown in experimental studies. 
Meta-analysis 
We evaluated 11 original papers and two reviews (published from 1982 to 2004) on 
imaging of sternal wound infections with 67Ga, bone scintigraphy with 99mTc-MDP, 
WBCs labelled with 111In oxine or 99mTc-HMPAO and 99mTc-MoAb anti-granulocytes 
(results shown in Table 5) [147–159]. From different papers the emerging problem 
was to identify a method able to detect the extent of infection as superficial or deep. 
The 67Ga scan showed a sensitivity from 70 to 93% (weighted mean, 74%) and 
specificity from 93 to 100% (weighted mean, 94%). These values depend on the 
pretest likelihood of patients studied as described by Salit et al. [157]. In particular, if 
the clinical pre-test likelihood of sternal osteomyelitis is 30%, then the gallium scan 
will have a 90% positive predictive value and a 93% negative predictive value. The 
usefulness of a gallium scan is doubtful in patients with a high suspicion of 
underlying sternal bone osteomyelitis or poorly decisive for diagnosis in borderline 
cases [158]. The accuracy of a gallium scan is increased with SPECT images [159]. 
However, this method is not able to distinguish from osteomyelitis and cellulites, as 
demonstrated from meta-analysis results. In the last decade WBCs labelled with 
indium or technetium have been used as a radiopharmaceutical. Studies performed 
with 111In-WBCs showed a sensitivity of 83.9%, a specificity of 67.3% and an 
accuracy of 75.3% in 369 patients. More recently, WBCs were labelled with 
technetium with better results in detecting foci of infection outlined from values of 
sensitivity (100%), specificity (88.4%) and accuracy (91.4%) calculated in 50 
patients. As in the meta-analysis reported in Table 3, 99mTc-WBCs appear more 
effective than 111In-WBCs in terms of sensitivity, specificity and accuracy. This 
difference between 111In and 99mTc-WBCs may be explained by the lower activity 
used in indium labelling in comparison with technetium labelling that cannot consent 
SPECT imaging for example. In addition, from the literature analysis we observed a 
high variability in the sensitivity and specificity for WBC scans amongst various 
papers. On the one hand this can be explained by the different acquisition times 
chosen in different studies, and on the other hand by the presence or not of 
antibiotic therapy at the time of the scan [146]. Both aspects required 
standardization. Overall, the labelled leukocyte scan is the most useful technique to 
differentiate superficial from deep wound infection being able to detect the 
involvement of bone and retrosternal 
space. We found very few papers that dealt with other radiopharmaceuticals and this 
did not allow us to reliably calculate sensitivity and specificity. In particular, 
monoclonal anti-granulocytes antibody labelled with technetium has been described 
in only one paper and demonstrated high sensitivity, specificity and accuracy (87%, 
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95% and 93%, respectively). However, because of high uptake in bone marrow 
(55% at 4 h and 40% at 20 h), this method can be used only in selected patients, 
especially with granulocytopenia. As far as a bone scan with 99mTc-MDP is 
concerned, it is well known that this radiopharmaceutical has a very high sensitivity 
and low specificity. For imaging sternal wound infection, as demonstrated by 
Bessette et al. [150], the bone scan is useful only in addition to other methods. 
Finally, it must be mentioned that in many papers it was impossible to obtain data 
regarding overall sensitivity and specificity of the technique used because of the 

absence of a reference ‘gold standard’ for proving infection. 
Clinical indications for performing white blood cel l scintigraphy 
Evaluation of infected complications may occur after sternotomy in patients with 
symptoms and signs of infections such as leukocytosis, an increase of ESR and 
CRP and doubtful cultures of aspirates. In the follow-up, for the management of 
patients after specific therapies, SPET images are not necessary although could be 
helpful in some doubtful case. Early (3 h) and late (24 h) acquisition of planar 
images (with acquisition time corrected for Tc decay) are essential. 
Conclusions 
Results of this meta-analysis showed that 99mTc- HMPAO-WBC scintigraphy is the 
most reliable imaging modality for differential diagnosis between superficial and 
deep sternal wound infection. A 99mTc-WBC scan overcomes the limitations of 
cultures from sternal wounds, a method that is unable to detect infection when the 
process involves bone tissue. Results obtained from scintigraphy allow adequate 
management of patients compared with other radiopharmaceuticals, radiological 
imaging and microbiological studies. Technetium-labelled WBCs is preferable for the 
shorter physical half-life, lower cost, higher image resolution and better dosimetry 
compared with indium-labelled WBCs. However, 111In/99mTc-WBCs has a lower 
sensitivity than microbiological culture of aspirates for the diagnosis of superficial 
sternal wound infection. As an alternative to WBCs, it is possible to use 99mTc-
labelled anti-granulocyte MoAbs, particularly in patients with granulocytopenia, 
although its diagnostic accuracy needs to be confirmed by other studies. 
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Abstract. We report here the results of a validation study of the avidin/111Indium-
biotin approach in patients with skeletal lesions. This study involved 54 patients with 
orthopaedic conditions: 20 patients with intermediate suspected osteomyelitis of the 
trunk, 19 patients with infection/inflammation of prosthetic joint replacements, and 15 
patients with suspected osteomyelitis of appendicular bones. Avidin (3 mg) was 
injected as an i.v. bolus, followed 4 h later by 111In-biotin; imaging was acquired 30 
min and 16–18 h after administration of 111In-biotin. Technetium-99m 
hexamethylpropylene amine oxime (99mTc-HMPAO)-labelled leucocyte scintigraphy 
was performed in 39/54 patients. The overall sensitivity of the avidin/111In-biotin scan 
was 97.7% (versus 88.9% for 99mTc-HMPAO leucocyte scintigraphy). While the 
diagnostic performance of avidin/111Inbiotin scintigraphy was similar to that of 99mTc-
HMPAO leucocyte scintigraphy in patients with prosthetic joint replacements or 
osteomyelitis of appendicular bones, the avidin/111In-biotin approach clearly 
performed better than 99mTc-HMPAO leucocyte scintigraphy in patients with 
suspected osteomyelitis of the trunk (100% sensitivity, specificity and accuracy 
versus 50% sensitivity, 100% specificity and 66.7% accuracy for 99mTc-HMPAO-
leucocyte scintigraphy). These results demonstrate the feasibility of the avidin/111In-
biotin approach for imaging sites of infection/inflammation in the clinical setting. 
Although no systematic advantages of avidin/111In-biotin scintigraphy were found 
versus 99mTc-HMPAO leucocyte scintigraphy, the newer scintigraphic method is 
more practicable and involves lower biological risk for the operators.  
 
Key words: Avidin/streptavidin – Indium-111-biotin – Inflammation/infection – 
Scintigraphic imaging – Orthopaedic patients 
 
Introduction 
Studies with gallium-67 citrate (an agent already known to accumulate in tumours 
[1]) for scintigraphic localization of inflammatory conditions date back more than 25 
years [2, 3]. For decades now, gallium-67 scintigraphy has represented one of the 
cornerstones of nuclear medicine applications for the detection of both acute and 
chronic inflammatory processes [4]. With particular regard to musculo-skeletal 
infection, the spectrum of nuclear medicine procedures available for imaging 
infection/ inflammation was expanded to include three-phase or four-phase bone 
scintigraphy [5, 6] and scintigraphy with radiolabelled leucocytes [7–14]. 
Subsequently, newer scintigraphic techniques have been described for clinical 
applications, such as those based on the use of radiolabelled nanocolloid [15, 16], 
radiolabelled human non-specifc IgG [17–22], radiolabelled monoclonal antibodies 
to granulocytes [23, 34] and, most recently, technetium-99m labelled ciprofloxacin 
(or Infecton) [35, 36]. The avidin/indium-111-labelled biotin approach represents 
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another modality recently introduced for clinical application [37–41]. Further 
approaches for scintigraphic detection of infection and inflammation are presently 
being pursued in experimental models, such as those based on small chemotactic 
peptides [42–44]. Avidin/indium-111 biotin scintigraphy is based on the non-specific 
accumulation of avidin (a 65-kD protein) at sites of inflammation or infection, linked 
to increased transcapillary leakage of macromolecules and to interstitial oedema at 
these sites [37–41]. Due to its extremely high affinity for and low dissociation 
constant with biotin, sites of infection can be imaged using avidin as a pre-target, 
followed by 111In-labelled biotin. Favourable preliminary results using this novel 
procedure have recently been reported in two different groups of patients [40, 41]. 
The first group included 25 patients with suspectedinfection of prosthetic vascular 
grafts, while the second group included 15 patients with radiological evidence of 
chronic infection associated with osteomyelitis (in about half of these latter patients, 
non-specific 111In-IgG was employed for comparison). In both instances scintigraphic 
imaging based on the avidin/biotin approach correctly identified sites of focal 
infection/inflammation in virtually all affected patients; however, the actual diagnostic 
value of this new scintigraphic method has not yet been determined owing to the 
relatively small size of the patient groups in both studies. We therefore thought it 
worthwhile to report here the results of a validation study carried out in a relatively 
large group of patients with skeletal lesions, in most of whom the avidin/biotin 
method was compared with the results of conventional imaging of 
infection/inflammation with technetium-99m hexamethylpropylene amineoxime 
(99mTc-HMPAO)-labelled leucocytes. It should be emphasized that in particular 
anatomical locations such as infections of the spine, more conventional, well 
established methods, such as scintigraphy with radiolabelled leucocytes, are fraught 
with a fraction of false-negative results as high as 60%–80% [45, 46]. For these 
reasons, in this study we focussed our attention in particular on a subgroup of 
patients with vertebral osteomyelitis. 
Materials and methods 
Patients 
This study included a total of 54 patients (30 women and 24 men, age range 24–82 
years, median 55 years) with the following clinical conditions: – Group I: 20 patients 
with intermediate pre-test probability for osteomyelitis of the trunk (suspected 
spondylodiscitis in 18 cases, suspected sacro-iliitis in two cases); ten out of these 20 
patients were eventually classified as being actually affected by 
infection/inflammation. – Group II: 19 patients with ascertained infection and/or 
inflammation of prosthetic joint replacements (15 of the hip, four of the knee). – 
Group III: 15 patients with very high pre-test probability for osteomyelitis of 
appendicular bones (including coxo-femoral arthritis in two cases and omitis in one 
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case); 14 out of these 15 patients were eventually classified as being actually 
affected by osteomyelitis. Thirty-one of these patients were enrolled in the study 
during their hospital stay and 23 were out-patients. These 54 patients were enrolled 
in the study after initial suspicion of skeletal infection/inflammation had been raised 
on the basis of medical history and clinical presentation (symptoms and signs), as 
well as routine blood chemistry (erythrocyte sedimentation rate, absolute and 
differential white blood cell count, etc.). Final classification of the patients was based 
on a combination of factors including clinical follow-up and response to antibiotic 
therapy (in all cases), surgical exploration and microbiology culture of surgical 
specimens (in 36 cases), and/or other imaging modalities (three-phase bone scan 
with 99mTc-methylene diphosphonate, gallium-67 citrate scan, conventional x-ray and 
transmission computed tomography, magnetic resonance imaging). All patients had 
been in pharmacological wash-out from antibiotic therapy for at least 7 days when 
the scintigraphic study was performed. Written consent to the study was obtained in 
compliance with the guidelines provided by the Ethical Committee of the University 
of Pisa Medical School, after full explanation of the study protocol, which included 
avidin/111In-biotin scintigraphy as the only modality added to the routine diagnostic 
protocol, including the imaging and other evaluation procedures listed above. 
Reagents 
Both hen egg avidin and streptavidin (purified from fermentation filtrates of 
Streptomyces avidinii cultures) were purchased from Società Prodotti Antibiotici 
(S.P.A., Milan, Italy) as sterile, pyrogen- free aqueous solutions with concentrations 
ranging between 2.5 and 5.22 mg/ml. Diethylene-triamine-penta-acetic acid (DTPA)-
conjugated biotin [DTPA-�,�-bis(biocytinamide)] was purchased from Sigma (St. 
Louis, Mo., USA). 
Radiolabelling with 111In 
DTPA-conjugated biotin was diluted in phosphate buffered physiological saline, pH 
7.4, to a final concentration of 2 mg/ml, and sterilised by 0.22-µm Milllipore filtration; 
500-µg aliquots of DTPA-biotin were prepared for 111In labelling. 111In-chloride (111 
MBq) was diluted in citrate buffer (0.2 M, pH 5.5) to 370 kBq/µl. Reagents were 
mixed and allowed to react for 10 min at room temperature. Ascending 
chromatography on Watman no. 1 paper (employing bicarbonate buffer 0.05 M as 
the mobile phase) showed that more than 98% of the radiolabel was bound to the 
conjugate. 
Scintigraphic study 
Avidin/111In-biotin administration protocol.  
In eight patients, hen egg avidin was employed as the pre-targeting step of the 
imaging study, while streptavidin was employed in the remaining 46 patients. The 
protocol employed in this study was modified with respect to that described 
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previously [40, 41] in order to increase its feasibility in the clinical routine. In 
particular, a lower amount of avidin or streptavidin was administered (3 mg versus 
10 mg), administration was made as a bolus rather than a slow infusion (5 ml over 
1–2 min versus 100 ml over 30 min), and the interval between avidin or streptavidin 
administration and 111In-biotin injection was reduced to 4 h only (versus 24 h in the 
original protocol). 
Imaging protocol. &p.2 
A whole-body scan (at a speed of 10 cm/min) and planar spot images (both anterior 
and posterior) over selected regions of the body were acquired 30 min after the 
injection of 111In-biotin, using a General Electric large-field-of-view gamma camera 
equipped with a medium-energy collimator, with 20% energy windows centered 
around the 173-keV and 247-keV energy peaks of 111In. One million counts were 
generally acquired for each view. Scans were acquired again on the next morning, 
16–18 h after 111In-biotin administration. Due to the high urinary excretion of 111In-
biotin, patients were asked to void their bladder just before undergoing scintigraphy; 
in addition, we occasionally shielded the kidneys or bladder of the patients when the 
area of interest (suspected site of infection/inflammation) was in proximity to such 
regions. 
Immunogenicity. 
All patients were closely monitored following the administration of the avidins. In 
seven patients, venous blood samples (5 ml) were obtained 4–6 weeks after the 
administration of hen egg avidin or streptavidin (in two and five cases, respectively) 
in order to monitor the immunological response. Hen egg avidin immunogenicity 
(elicitation of human anti-avidin antibody, HAVA, response) and streptavidin 
immunogenicity (human antistreptavidin antibody, HASA) were evaluated as 
described previously [40, 47], estimating the cut-off value between a positive and a 
negative response based on a control population of healthy subjects who had never 
received any avidin or streptavidin administration. HAVA response was considered 
positive when above a cut-off level of 22.5 U/ml, while the cut-off level for a positive 
HASA response was set at 16.6 U/ml. 
99mTc-HMPAO labelled leucocytes. 
Thirty-nine out of the total 54 patients included in this study underwent a 99mTc-
HMPAO leucocyte scan in a time range of 48–72 h prior to the avidin/111Inbiotin 
study. This total included 9/20 patients with suspected osteomyelitis of the trunk, 
17/19 patients with suspected infection of the prosthetic joint replacement and 13/15 
patients with suspected osteomyelitis of appendicular bones. A standard protocol 
was employed for leucocyte preparation and labelling, with minor modifications 
(starting with a 50 ml blood withdrawal); HMPAO (CeretecR) was supplied by 
Amersham Ltd. (Amersham, UK) as a commercial preparation. Planar anterior and 
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posterior images were acquired at 10–15 min after injection of 99mTc-HMPAO 
leucocytes (vascular phase), then again at 4–6 h and 18–24 h. In addition, 
tomographic images were acquired at the 4- to 6-hour time point, employing a 
64×64 matrix, with 64 images over 360°. For all the se acquisitions a General Electric 
large-field-of-view gamma camera equipped with a lowenergy general-purpose 
collimator was employed, with a 20% window centered on the 140-keV energy peak 
of technetium-99m. Standard protocols were utilized for image reconstruction along 
the three main planes (transaxial, sagittal, coronal). 
Evaluation of scintigraphic images 
Scintigraphic images of both the 99mTc-HMPAO-labelled leucocyte study and the 
avidin/111In-biotin study were interpreted independently by three readers aware of 
the clinical suspicion, but blind as to final diagnosis and results of other diagnostic 
examinations. The scans were considered positive when distinct focal uptake of 
radioactivity was detected at the suspected site of infection/inflammation, evaluated 
with respect to the contralateral, healthy site when appendicular bones were 
involved. On the other hand, 99mTc-HMPAO-labelled leucocyte scintigraphy was also 
considered consistent with spondylodiscitis when a photopenic area was observed 
on both the early and delayed images [45, 46, 48]. In addition, a semiquantitative 
radioactivity localization index was derived, for both the 99mTc-HMPAO leucocyte 
study and the avidin/111In-biotin study, by estimating target-to-non-target ratios. To 
this purpose, regions of interest were manually drawn around the area of interest, 
while for background accumulation a corresponding site of equal pixel size was 
chosen, typically on the contralateral side; when spine lesions were involved, 
background was chosen in a corresponding area above or below the area of 
interest. 
Statistical analysis 
Due to the extremely high prevalence of disease (infection and/or inflammation) in 
groups II and III, in these two groups the scintigraphic results were analysed only in 
terms of sensitivity. Complete statistical analysis of the diagnostic performance 
parameters (sensitivity, specificity, diagnostic accuracy, positive and negative 
predictive values) was carried out only for the scintigraphic results obtained with 
avidin/111In-biotin in patients of group I, with intermediate pre-test probability of 
disease. 
Results 
No early or delayed adverse effects of any type were experienced by any of the 
patients following injection of avidin or streptavidin in a bolus-type manner. 
Immunogenic response 
A positive immune response was elicited only by the administration of streptavidin, 
with HASA values in these five patients ranging between 414 and 1150 U/ml (mean 
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760±330 U/ml, versus a cut-off level of 16.5 U/ml in negative-response controls). On 
the other hand, no immunogenic response could be detected in the two patients 
injected with hen egg avidin (8 U/ml and 10 U/ml, respectively). This finding is in 
agreement with previous observations made in a larger series of patients included in 
a protocol for tumour targeting similarly based on a step involving avidin 
administration [47]. 
 
 

Table 1 . Results of scintigraphic imaging performed with the pretargeting avidin/111In-biotin 
approach and with the conventional 99mTc-HMPAO leukocyte procedure, with respect to final 
classification of the patients included in the study 
 

 
 
TP,true-positive; TN, true-negative; FP, false-positive; FN, false-negative 
 
 
 
Table 2 . Comparison of the results of paires avidin/111In-biotin scintigraphy and 99mTc-
HMPAO leucocytes scintigraphy in terms of agreement /disagreement with the final 
classification of patients (total of 39 patients in whom both procedures were employed) 
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Scintigraphic results 
The avidin/111In-biotin scans recorded 30 min after injection of the radiolabelled 
biotin were of sufficient contrast as to allow for the ready identification of sites of 
infection/inflammation. No clear advantages were seen in the delayed scintigraphic 
acquisitions at 16–18 h versus the early acquisitions at 30 min post-injection of 
111Inbiotin. No difference in the diagnostic quality of scintigraphic images could be 
detected between patients injected with hen egg avidin and patients injected with 
streptavidin (all patients injected with hen egg avidin belonged to group II, prosthetic 
joint replacement). The distribution pattern of 111In-biotin, characterized by important 
excretion through the kidneys, necessitated some technical shrewdness to be 
occasionally adopted when imaging the lumbar spine and pelvis (because of high 
renal and bladder activity, respectively). In particular, some shielding of these high-
activity organs (especially the bladder due to frequently incomplete voiding in elderly 
patients) may occasionally be required in order to reach satisfactory counting 
statistics in the more specific, adjacent region of interest. With only one case missed 
out of 43 cases with a final diagnosis of infection/inflammation, the overall sensitivity 
of avidin/111In-biotin scintigraphy was 97.7% in the entire study population, as 
compared with an overall sensitivity of 88.9% for 99mTc-HMPAO leucocyte 
scintigraphy, estimated in 39/54 patients (Table 1). The results of paired avidin/111In-
biotin and 99mTc-HMPAO leucocyte scintigraphy in the 39/54 patients in whom both 
procedures were performed are reported in Table 2. In group I patients (suspected 
infection/inflammation of the trunk), 100% sensitivity, specificity, diagnostic accuracy 
and positive and negative predictive values were observed with avidin/111In-biotin 
scintigraphy (Fig. 1). As expected on the basis of its recognized low diagnostic 
accuracy in this condition [45, 46], 99mTc-HMPAO leucocyte scintigraphy (performed 
in only 9/20 patients) had a somewhat lower diagnostic performance: 50% 
sensitivity, 100% specificity, 66.7% accuracy. The three false-negative results 
observed represent patients without a clear-cut 99mTc-HMPAO leucocyte 
scintigraphic pattern (either a clear “hot” spot or a clear “cold” spot at the suspected 
site of infection/inflammation, see Fig. 1a). Two patients of this group were 
eventually classified as being affected by sterile inflammation, and they both 
exhibited increased radioactivity accumulation at avidin/111In-biotin scintigraphy. 
99mTc-HMPAO leucocyte scintigraphy was positive in one of these two cases, while 
the scan was equivocal (and therefore classified as a false-negative result) in the 
other patient (Fig. 1b). No significant differences were found in patients with 
prosthetic joint replacement (group II) concerning the sensitivity of the two 
scintigraphic procedures: 94.4% and 100%, respectively for avidin/111In-biotin 
scintigraphy and 99mTc-HMPAO leucocyte scintigraphy (Fig. 2). Surgical findings and 
follow-up confirmed the occurrence of infection in 18/19 patients, while sterile 
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inflammation was found in the single remaining patient, who had a positive scan with 
both avidin/111In-biotin and 99mTc-HMPAO leucocytes. In patients of group III 
(suspected osteomyelitis of the appendicular bones), sensitivity was 100% for 
avidin/111In-biotin scintigraphy and 83.3% for 99mTc-HMPAO leucocyte scintigraphy 
(Fig. 3). This group was also characterized by an extremely high proportion of 
patients with final classification of infection/inflammation (14 of the 15 cases). The 
target-to-non-target ratios were clearly higher with avidin/111In-biotin scintigraphy 
(1.637±0.157) than with 99mTc-HMPAO leucocyte scintigraphy (0.943±0.335) in 
patients with infection/inflammation of the spine (group I). By contrast, no significant 
differences were found in groups II and III (prosthetic joint replacement and 
suspected osteomyelitis of the appendicular bones), with avidin/111In-biotin 
scintigraphy (1.779±0.642 and 2.150±0.407, respectively) and with 99mTc-HMPAO 
leucocyte scintigraphy (2.087±0.317, and 1.966±0.159, respectively). 
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Fig 1 . Comparison of 99mTc-HMPAO leucocyte scan and avidin/111In-biotin scan in two 
patients with infection of the trunk (posterior views). a Patient with left sacro-iliitis: rather than 
increased accumulation of labelled leukocytes, a photopenic area at the affected site can be 
observed consistent with infection/inflammation (left panel); on the other hand, the 
avidin/111In-biotin scan is frankly positive as early a 30 min after administration of labelled 
biotin (right panel). b patient with lumbar spondylodiscitiis: the labelled leucocyte scan shows 
no clear-cut pattern of accumulation at the affected site and is thus equivocal or non-
diagnostic (left panel). The avidin/111In-biotin scan, by contrast, shows marked uptake of 
labelled biotin on the left side of the L3-L4 region (right panel) 
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Fig 2  Comparison of 99mTc-HMPAO leucocyte scan (left panel) and avidin/111In-biotin scan 
(right panel) in one patient with infection of the right hip prosthetic implant (anterior view). 
Both scintigraphic procedures concordantly identify the infection site. 
 

  

 

 

  

Fig 2  Comparison of 99mTc-HMPAO leucocyte scan (left panel) and avidin/111In-biotin scan 
(right panel) in one patient with post-traumatic osteomyelitis at the left knee (anterior view). In 
this case, too, both scintigraphic procedures concordantly identify the infection site. 
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Discussion 
The results obtained in this study confirm the validity of the pretargeting approach 
with unlabelled avidin followed by labelled biotin to detect infection/inflammation. 
The potential usefulness of such an approach, heralded by earlier investigations in 
the experimental animal model [38], had been pointed out by preliminary studies 
carried out in patients with prosthetic vascular graft infection [40] or with 
osteomyelitis [41]. Favourable imaging results were obtained in the present study 
following a protocol that is more practicable than the protocols described earlier; in 
particular, a lower amount of the avidins was administered to patients (3 mg versus 
10 mg), and the shorter interval between avidin and labelled biotin injections (4 h 
versus 24 h) allowed the use of a single-day scintigraphic procedure rather than a 2-
day procedure, as in the previous protocol. The present investigation concerns 
patients with different types of skeletal infection and/or inflammation. We focussed 
our attention on these patients after considering various factors that emphasize the 
importance of accurately diagnosing orthopaedic infections, especially in the case of 
spinal lesions. In fact, this condition frequently requires multiple imaging modalities, 
particularly when the clinical pattern is not typical because of concomitant 
inadequate antibiotic therapy, which is insufficient to cure such deep-seated 
infection and produces somewhat indolent, slowly evolving conditions with equivocal 
signs and symptoms. Another growing area of orthopaedic interest concerns 
prosthetic joint replacement (particularly prosthetic hip surgery), which is not seldom 
complicated by infection. Once established, infection is associated with mobilization 
of the implant and severe functional impairment. Treatment often requires heavy 
antibiotic therapy and, eventually, removal of the infected prosthesis which is 
replaced with a new implant. All of this frequently results in prolonged invalidity and 
hospitalization, and therefore in an unacceptably high overall socioeconomic cost. 
Compared with the more conventional modality (99mTc-HMPAO leucocyte 
scintigraphy), the new scintigraphic procedure (avidin/111In-biotin scintigraphy) 
yielded especially favourable results in osteomyelitis of the trunk (group I). This 
clinical condition is characterized in general by unsatisfactory imaging results with 
conventional nuclear medicine procedures (such as labelled leucocyte scintigraphy), 
except perhaps for 67Ga-citrate scintigraphy [45, 46, 48]. The diagnosis of 
infection/inflammation often remains problematic, with the risk of postponing the 
prompt initiation of adequate therapy or, conversely, leading to unnecessary 
surgery. This is accordingly an especially interesting area for the application of 
avidin/111In-biotin scintigraphy. In patients of groups II (with prosthetic joint 
replacement) and III (with osteomyelitis of appendicular bones), the results of the 
two scintigraphic methods were very similar, without a definite advantage of one 
over the other. The advantage of avidin/111In-biotin scintigraphy over 99mTc-HMPAO 
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leucocyte scintigraphy in these cases resides solely in the higher practicability of the 
former, due to the shorter time required for the entire procedure and the lower 
potential biological risk for the operators (extensive manipulation of blood is required 
for labelled leucocyte scintigraphy). In the patients with infected/inflamed prosthetic 
joint replacement (group II); the overall quality of positive 99mTc-HMPAO leucocyte 
scans and avidin/111In-biotin scans was virtually identical. By contrast, in the patients 
with osteomyelitis of the appendicular bones (group III) accumulation of labelled 
biotin generally tended to be less focal than that of labelled leucocytes, perhaps 
reflecting the more diffuse involvement of soft tissues and/or the more extensive 
impairment of capillary permeability in this condition. This phenomenon might have 
some relevance for the ability of the avidin/111In biotin scintigraphy to distinguish foci 
of true infection from sterile inflammation (see further considerations below). Some 
analysis of costs is required. First of all, one has to assume that there are no 
relevant differences between this novel procedure and conventional 99mTc-HMPAO 
leucocyte scintigraphy with regard to costs due to time spent by physicians, and 
technical personnel and use of the gamma camera (although the avidin/111In-biotin 
technique may well entail one imaging session only rather than two or three as for 
99mTc-HMPAO leucocyte scintigraphy). The cost of reagents can be estimated to be 
about 285 Euros for avidin/111In-biotin scintigraphy (including 265 for the purchase of 
3 mCi 111In-chloride and 20 for avidin and biotin-DTPA), while it is approximately 278 
Euros for 99mTc-HMPAO leucocyte scintigraphy (240 for HMPAO, 13 for 99mTc-
pertechnetate and 25 for other reagents necessary for leucocyte separation). 
However, a further relevant cost must be added for 99mTc-HMPAO leucocyte 
scintigraphy, i.e. the cost of personnel trained to perform leucocyte separation: this 
can be estimated at about 65 Euros. Even without considering the use of additional 
equipment necessary for leucocyte separation (centrifuge and sterile flow hood), this 
raises the cost of 99mTc-HMPAO leucocyte scintigraphy to 343 Euros versus 285 
Euros for avidin/111In-biotin scintigraphy (without considering the costs of 
medical/technical personnel and use of the gamma camera). Concerning the 
radiation dose to patients when employing the avidin/111In-biotin approach, previous 
studies have reported on the whole-body distribution of 111In-biotin in patients 
submitted to avidin(streptavidin)/111In-biotin protocols [40, 41]. The fast blood 
clearance and the minimal accumulation in normal organs (except for the kidneys 
and bladder) of the label closely resemble the distribution pattern observed in the 
three-step avidin/biotin approach employed for tumour immunotargeting. In this 
regard, a consistent body of literature has demonstrated the safety of such a 
pretargeting system for both diagnostic and therapeutic applications. In particular, a 
recent investigation has carefully evaluated the pharmacokinetic and dosimetric 
parameters of 111In-biotin in patients to be subsequently treated with 90Y-biotin for 
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therapeutic purposes [49]. The reported mean value for the parameter in blood was 
2.0±1.1 h while it was 10.7±7.04 h for the remainder of the body; the mean urinary 
excretion was 82.5%±10.8% of the administered dose in the first 24 hr. The mean 
absorbed doses to normal organs were: 0.0036±0.00084 mGy/MBq (whole body), 
0.051±0.036 mGy/MBq (kidneys), 0.085±0.005 mGy/MBq (liver), 0.17±0.039 
mGy/MBq (bladder) and 0.0023±0.0024 mGy/MBq (red marrow). These data 
indicate that the radiation burden to sensitive tissues (especially the red marrow) 
involved in a diagnostic study with 111In-biotin is quite low, with an acceptable 
dosimetry to the critical organ (bladder). The use of streptavidin in place of hen egg 
avidin for some of the patients included in this study also deserves some comments. 
This was based upon the hypothesis that the longer retention times in plasma of 
streptavidin (terminal T1/2 equal to about 3.5 h versus 30 min for hen egg avidin) 
[40, 50] would result in prolonged availability for extravascular leakage at the sites of 
infection/inflammation, and therefore in improved signal-to-background ratios [38] 
despite the fact that streptavidin and hen egg avidin have identical biotin-binding 
capacity (4 moles of biotin per mole of avidins) and dissociation constants (10–15 M) 
[51–53]. Although direct comparison could not be made since none of the patients 
was studied with both compounds, no clear advantage in terms of scintigraphic 
contrast were seen with the use of streptavidin. This observation suggests that in 
future investigations hen egg avidin should be used instead of streptavidin, because 
of its much lower immunogenicity. In this regard, it should also be noted that some 
forms of biochemically modified avidin have recently shown better pharmacokinetics 
and biodistribution, associated with lower immunogenicity, than native avidins [54]. 
On the other hand, it should be noted that the role of avidin for imaging 
infection/inflammation by this novel approach might actually be somewhat less than 
previously expected on the basis of the well-known transcapillary leakage of 
macromolecules that occurs at sites of oedema and inflammation [55]. In fact, 
studies carried out both in an animal model of Escherichia coli infection [56] and in 
patients with osteomyelitis [41] have shown good imaging properties of radiolabelled 
biotin injected alone, without pretargeting with unlabelled avidin. These observations 
warrant further studies on the exact mode(s) of localization of various 
radiopharmaceuticals at sites of infection/inflammation. In conclusion, this 
investigation confirms on a larger scale the validity of the pretargeting approach with 
avidin and labelled biotin for imaging infection/inflammation of the skeleton, including 
at sites (such as the spine) not easily imaged by conventional scintigraphic 
procedures. The protocol described in this work is highly practicable and can be 
easily implemented in any nuclear medicine department on a routine clinical basis. 
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Abstract. Purpose. Streptavidin accumulates at sites of inflammation and infection 
as a result of increased capillary permeability. In addition to being utilised by 
bacteria for their own growth, biotin forms a stable, high affinity non-covalent 
complex with avidin. The objective of this investigation was to determine the 
diagnostic performance of two-step streptavidin/111In-biotin imaging for evaluating 
patients with suspected vertebral osteomyelitis. Methods. We evaluated 55 
consecutive patients with suspected vertebral osteomyelitis (34 women and 21 men 
aged 27–86 years), within 2 weeks after the onset of clinical symptoms. Thirty-two of 
the patients underwent magnetic resonance imaging (MRI) and 24, computed 
tomography (CT). DTPA-conjugated biotin was radiolabelled by incubating 500 ug of 
DTPA-biotin with 111 MBq of 111In-chloride. Two-step scintigraphy was performed by 
first infusing 3 mg streptavidin intravenously, followed 4 h later by 111In-biotin. 
Imaging was begun 60 min later.Results. Streptavidin/111In-biotin scintigraphy was 
positive in 32/34 patients with spinal infection (94.12% sensitivity).The study was 
negative in 19/21 patients without infection (95.24% specificity). The corresponding 
results for MRI and CT were 54.17% and 35.29% (sensitivity), and 75% and 57.14% 
(specificity), respectively. All statistical parameters of diagnostic performance 
(Youden’s J index, kappa measure of agreement with correct classification, 
accuracy, sensitivity, specificity, positive likelihood and negative likelihood) were 
clearly better for streptavidin/111In-biotin scintigraphy than for either MRI or 
CT.Conclusion. Streptavidin/111In-biotin scintigraphy is highly sensitive and specific 
for detecting vertebral osteomyelitis in the first 2 weeks after the onset of clinical 
symptoms,and is potentially very useful for guiding clinical decisions on instituting 
appropriate therapy. 
 
Keywords: Vertebral osteomyelitis – Two-step streptavidin/111In-biotin scintigraphy 
– Imaging modalities –  Diagnostic performance 
 
Introduction 
Vertebral osteomyelitis is an infectious process that affects primarily the 
intervertebral disc and the adjacent osseous tissue. Although the bone is very 
resistant to infections, once micro-organisms (mostly S. aureus and S. epidermidis) 
have invaded the bone, either haematogenously or via direct extension, they are not 
easily eradicated. In immunodepressed and elderly patients such infections are life 
threatening, and early diagnosis and treatment are of the utmost importance. Blood 
cultures are often negative, thus emphasising the need for early diagnosis. 
Computed tomography (CT) [1] and magnetic resonance imaging (MRI) [2–4] are 
generally non-diagnostic in the first 2 weeks of the disease [5], which, in cases of 
delayed diagnosis and/or improper treatment, may have serious consequences, 
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including death (11%) or residual disability [6]. Bone scintigraphy has been widely 
used for examination of patients suspected of having osteomyelitis. The bone scan 
typically becomes positive within 24–48 h after the onset of symptoms, and 
multiphase scanning may increase its specificity [7, 8]. However, the structural 
complexity of the spine and the frequent presence of degenerative/arthritic changes 
may hamper the interpretation of bone scintigraphy, so that other radionuclide 
imaging methods are often necessary. Most of the radiopharmaceuticals proposed 
to complement the diagnostic value of the bone scan in patients with suspected 
vertebral osteomyelitis are either non-specific (radiolabelled nanocolloid, non-
specific human IgG, antigranulocyte antibodies) [9–13] or not widely available 
(chemotactic and antimicrobial peptides, [18F]FDG) [14–20]. Radiolabelled 
autologous leucocyte imaging, useful for diagnosing osteomyelitis of the 
appendicular skeleton [21, 22], is of little value in patients with suspected vertebral 
osteomyelitis [23–31]. Although 67Ga-citrate scintigraphy is very sensitive in 
vertebral osteomyelitis, it entails a non-negligible radiation burden and requires an 
interval of up to 72 h between injection and imaging. Because of its poor resolution, 
67Ga-citrate scintigraphy is usually combined with a conventional bone scan [32, 
33]. These considerations motivated us to investigate the diagnostic performance of 
the streptavidin/111In-biotin two-step protocol, which has been found to be a 
promising approach for imaging infection in both animal [34] and human [35–37] 
studies. Streptavidin (a 65-kDa protein) is administered and allowed to accumulate 
at sites of infection, presumably as a result of locally increased vascularity and 
vascular permeability. 111In-biotin, which is administered 4 h later, accumulates at 
the inflamed/ infected focus because of its extremely high affinity for streptavidin (K 
d=10−15). Any 111In-biotin not bound to streptavidin is excreted by the kidneys, while 
any streptavidin/ 111In-biotin complex not bound at the site of infection is excreted by 
the liver. It is unlikely that the accumulation of streptavidin is specific for bacteria, 
which instead do possess some avidity for biotin per se; in fact, pyruvate 
carboxylase, a key metabolic pathway for producing energy by ATP cleavage, is 
biotin dependent [38]. It is difficult, however, to discriminate the fraction of biotin that 
concentrates at sites of disease because of its binding to localised streptavidin from 
the fraction that localises because of direct utilisation by growing bacteria. While our 
previous experience with avidin scintigraphy or streptavidin/111In-biotin scintigraphy 
[37] included patients with suspected osteomyelitis affecting a variety of skeletal 
sites, the present study explored the utility of this technique for detection of early 
vertebral osteomyelitis in a large consecutive series of patients. 
Materials and methods 
Patients 
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Between 1995 and 2001, 55 consecutive patients, suspected of having spinal 
osteomyelitis, underwent streptavidin/111In-biotin imaging within 2 weeks after the 
onset of back pain, fever, neurological deficits, increased erythrocyte sedimentation 
rate and/or positive blood cultures. The patients comprised 34 women and 21 men, 
and had a median age of 55.5 years (range 27–86 years). Fifteen patients had 
undergone neurological spinal surgery because of a herniated intervertebral disc 
between 6 and 8 weeks before the onset of symptoms. Suspected sites of infection 
were lumbar spine (n=33), L5–S1 (n=9), thoracic spine (n=7), sacro-iliac joints (n=5) 
and cervical spine (n=1). All patients underwent physical examination, routine blood 
tests, conventional X-ray, MRI and/or CT and streptavidin/111In-biotin scintigraphy 
within 2 weeks after the onset of clinical signs and symptoms. In particular, 14 
patients were evaluated by MRI only and six by CT only, while 18 patients 
underwent both CT and MRI. Twenty-four of the 32 patients evaluated by MRI and 
17 of the 24 evaluated by CT were eventually classified as having vertebral 
osteomyelitis. The scintigraphic study was performed before (n=17) or during (n=38) 
antibiotic therapy and prior to any surgical procedures planned for the near 
future. Infection was considered present when tissue cultures of samples obtained 
via biopsy or surgery grew bacteria (16 patients) or when a purulent mass was 
observed at surgery (seven patients). If no tissue samples were obtained or no 
operation took place, infection was considered present after a positive response only 
to antibiotic therapy until the symptoms disappeared (11 patients), or absent on the 
basis of clinical follow-up for at least 12 months (21 patients). Full recovery from 
vertebral osteomyelitis, or follow-up in patients without infection, was based on a 
combination of clinical and blood chemistry [5, 6, 39]. Thus, in all patients the 
disease status was defined independently from the scintigraphic study and other 
imaging modalities. This study was approved by the Internal Review Board for 
medical ethics of the University Hospital of Pisa, and all patients were enrolled after 
giving their written informed consent. Biotin labelling Diethylene triamine penta-
acetic acid (DTPA)-conjugated biotin [�,Ω-bis(biocytina-mide)], purchased from 
Sigma (St Louis, Mo., USA), was diluted in sterile acetate buffer 0.2 M, pH 5.5. 
Aliquots containing 500 �g/ml of DTPA-biotin were then prepared and stored at 4°C 
for subsequent labelling with 111In. Just prior to administration, a 500 �g DTPA-biotin 
aliquot and 111In-chloride (111 MBq) were mixed at room temperature for 15 min, 
and labelling efficiency was assessed by ascending chromatography as described 
previously [37]; labelling efficiency was always ≥98%,and the preparation therefore 
required no purification. Streptavidin/111In-biotin protocol Streptavidin purified from 
fermentation filtrates of Streptomyces avidinii cultures was purchased from Società 
Prodotti Antibiotici (S.P.A., Milan, Italy) as sterile, pyrogen-free aqueous solution 
with a concentration of 5 mg/ml. The protocol employed in this study included 
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premedication of the patients with prometazine (50 mg i.m.) 30 min before infusion 
of i.v. 3 mg of streptavidin diluted in 10 ml of physiological saline solution, over 60 s. 
Such premedication was adopted in order to prevent possible adverse reactions to 
i.v. infusion of a heterologous protein. All patients were closely monitored for 30 min 
following this administration. Four hours later, 111In-DTPA-biotin was injected i.v. as 
a single bolus (about 111 MBq linked to 500 µg as described above). Patients were 
imaged between 60 and 120 min after the injection of 111In-biotin. Planar anterior 
and posterior images of sites ofsuspected infection were acquired using a digital 
large field of view gamma camera (Camstar, General Electric Corp, Milwaukee, WI, 
USA), equipped with a medium-energy collimator, using 20% energy windows 
cantered around the 173 and 247 keV energy peaks of 111In (matrix 128x128 pixels, 
usually with a 1.33 electronic zoom factor). Images were acquired for three million 
counts each; the kidneys, bladder and liver were shielded when necessary. Lateral 
views were obtained as needed. 
Image interpretation 
All scintigraphic images of the spine were independently interpreted by two readers 
who had no knowledge of the results of other tests or of the final diagnosis, but who 
were familiar with the pattern of physiological radioactivity distribution in a typical 
streptavidin/ 111In-biotin study. This is characterised by quite homogeneous diffusion 
in the soft tissues and fast renal clearance, with ensuing preferential accumulation in 
the kidneys and urinary bladder. Some tracer accumulation is also observed in the 
liver, without, however, appreciable hepatobiliary clearance. Uptake in the bone 
marrow is faint and barely discernible from background radioactivity. The 
streptavidin/111In-biotin scan was considered positive when distinct focal uptake of 
radioactivity, regardless of intensity, 
was observed in the spine. Criteria for diagnosing vertebral osteomyelitis by MRI 
were: (a) low signal intensity on T1-weighted images (turning to high signal intensity 
on T2-weighted images) adjacent to the endplates delimiting the affected site 
(intervertebral disc or vertebral body), and (b) on T1-weighted images, gadolinium-
enhanced signal of the endplates delimiting the affected site with diffuse 
enhancement of the intervertebral disc. The criteria for CT were: (a) multiple 
osteolytic lesions of the vertebral bodies, (b) phlogistic reactions of the perivertebral 
soft tissues with obliteration of the loosely woven adipose tissue and (c) oedematous 
or purulent effusion in the peridural space. 
Statistical analysis 
Statistical analysis included a series of tests designed to assess the reliability of 
diagnostic examinations [40]. The Youden’s Index (J), was employed to estimate the 
overall diagnostic performance of streptavidin/111In-biotin scintigraphy. The Youden’s 
J index is based on the observed rates of false positive and false negative results, 
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and estimates the probability of correct classification of a diagnostic test: 0 denotes 
a test with no diagnostic value, while 1 denotes a test with maximum diagnostic 
accuracy. The diagnostic performance of streptavidin/111In-biotin scintigraphy was 
also evaluated in terms of accuracy, sensitivity, specificity, positive predictive value, 
positive likelihood ratio, negative predictive value and negative likelihood ratio. The 
positive likelihood ratio relates the probability of a test being positive in a person with 
the disease to the probability of the test being positive in a person without the 
disease. As such, it indicates how much more likely it is to obtain a positive test in 
the group with the disease  versus the group without the disease. Conversely, the 
negative likelihood ratio indicates how much more likely it is to obtain a negative test 
in the group without the disease versus the group with the disease. As a 
consequence, while the maximum numerical value of the positive or negative 
predictive value is 1 (or 100%), the numerical value of the positive or negative 
likelihood ratio can be much higher than 1. The “kappa” value was also employed, to 
assess agreement of the diagnostic classification as achieved by the 
streptavidin/111In-biotin scan with the final classification of patients as with or without 
vertebral osteomyelitis, independently from the results of imaging. Statistical 
significance in the difference of patients’ classification based on streptavidin/111In-
biotin scintigraphy in terms of overall accuracy vs the other imaging modalities 
employed (MR and CT) was assessed by the McNemar’s test, which allows to test 
the equality for proportions of binary response rates (affected or non-affected). The 
StatXact software was used for all statistical computations (Version 4). 
Results 
There were 34 cases of spinal osteomyelitis among the 55 patients studied: one 
cervical, three thoracic, 23 lumbar, three lumbosacral, and four sacro-iliac joints. 
Thirteen of these 34 patients had recently undergone neurological spinal surgery. 
Among the 21 patients without spinal osteomyelitis, two had recently undergone 
neurological spine surgery and one was later diagnosed as having a metastatic 
spine lesion causing a compression fracture. In all patients except the one with 
metastatic disease, symptoms disappeared after a combination of therapy with non-
steroid anti-inflammatory drugs, bed rest and lumbosacral brace. As previously 
reported for scintigraphic studies based on a similar two-step pretargeting approach 
[36, 37], no early or delayed adverse effects of any type occurred following i.v. 
injection of streptavidin in patients undergoing the procedure. Table 1 displays the 
results obtained with the various imaging modalities (not all procedures were 
employed in all patients). In 32/34 patients with spinal osteomyelitis, the 
streptavidin/111In-biotin scanning demonstrated markedly increased accumulation of 
radioactivity at the infected site (94.12% sensitivity, Fig. 1). 
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Table 1. Results of streptavidin/111In-biotin initial scanning (n=55) and of other imaging  
modalities in patients in whom vertebral osteomyelitis was strongly suspected 
 
       

 
 Table 2 . results of statistical analysis on the diagnostic performance of streptavidin/111In-
biotin scintigraphy. MRI and CT (95% confidential intervals are shown in parentheses, when 
applicable). SA/111In-B, streptavidin/111In-biotin scintigraphy; PPV, positive predictive value; 
NPV, negative predictive value 
 
The procedure was false negative in two patients, both of whom had spinal 
tuberculosis. In 21/22 patients without vertebral infection, streptavidin/111In-biotin 
scanning was true negative (Fig. 2). The procedure was false positive in only one 
patient, who had a metastatic spine lesion (from a previously unknown lung cancer) 
(95.24% specificity). Consistent with what has been reported in the literature [5, 6], 
MRI and CT exhibited poor sensitivity for the detection of early vertebral 
osteomyelitis (54.17% and 35.29%, respectively). Ten of the 11 cases of spinal 
osteomyelitis that were false negative on MRI were detected with streptavidin/111In-
biotin scintigraphy. One case of spinal osteomyelitis which was false negative on 
streptavidin/111In-biotin scintigraphy was correctly diagnosed on MRI. Ten of the 11 
cases of spinal osteomyelitis that were false negative on CT were true positive on 
streptavidin/111In-biotin scintigraphy, while the 11th patient was also false negative 
on the streptavidin/111In-biotin scan. The results of statistical analysis on the 
diagnostic performance of streptavidin/111In-biotin scintigraphy are reported in Table 
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2, which also shows, for the purpose of comparison, the corresponding statistical 
parameters for CT and MRI. Streptavidin/111In-biotin scintigraphy was characterised 
by clearly higher values in all statistical parameters than either MRI or CT, both of 
which had a very low negative predictive value. The positive and negative likelihood 
ratios of streptavidin/111In-biotin scintigraphy were about nine-fold and 18- to 24-fold 
higher than the corresponding values of MRI and CT, respectively. As a 
consequence, the kappa value of streptavidin/111In-biotin scintigraphy (0.885) 
indicated excellent agreement with the final classification of patients, whereas both 
MRI (0.212) and CT (−0.057) demonstrated very weak correlations with final 
diagnoses. The McNemar test showed that the overall accuracy of the 
streptavidin/111In biotin scan in classifying patients as having or not having vertebral 
osteomyelitis was significantly higher than that of CT (two-sided p=0.0325), while it 
was at borderline statistical significance versus MRI (two-sided p=0.0522). 
Discussion 
Our data indicate that scintigraphic imaging using streptavidin as a pretargeting 
agent and 111In-biotin as the radiotracer is very sensitive for detecting spinal 
osteomyelitis within the first 2 weeks after the onset of clinical symptoms. This is an 
important observation, considering that conventional radiology is most often 
negative in the first 4–5 weeks after the onset of clinical signs [41]. CT is more 
reliable, but evidence of osteomyelitis is only obtained when morphological changes 
such as cortical destruction and/or periosteal proliferation can be observed, or when 
soft tissue abscesses are visualised [42]. MRI has the advantage of an excellent 
resolution of soft tissue versus bone. Although MRI has excellent sensitivity and 
specificity for osteomyelitis in general, widely discrepant values have been reported 
for vertebral osteomyelitis in the early phase of this disease [5, 6, 42, 43]. Later in 
the disease evolution, the interface between the vertebral body and the disc is no 
longer discernible, a definite indication of vertebral osteomyelitis. At this stage, the 
sensitivity of MRI is high; however, treatment should be instituted before this stage is 
reached. Considering that destructive changes are absent or minimal at the early 
stage of disease, it is not surprising that in our study streptavidin/111In-biotin 
scintigraphy compared favourably with MRI and CT. It should also be pointed out 
that antibiotic therapy does not seem to affect the diagnostic performance of 
streptavidin/111In-biotin scintigraphy. Furthermore, both CT and MRI only allow the 
regional visualisation of the body, whereas an infectious process may in fact be 
widespread. Multifocal sites of infection were observed in two of our patients, one of 
whom exhibited extensive involvement of the cervical spine from C3 to C5; in the 
second patient the main infection site was located in the lumbar spine (body of L3), 
but clinically unrecognised infection was also present at L5–S1. In this regard, 
scintigraphy is still the method of choice for whole-body evaluation, provided an 
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adequate radiopharmaceutical is employed. Efforts have been undertaken to 
develop nuclear medicine methods that can differentiate sterile inflammation from 
bacterial infection. Clearly, this possibility would be of considerable help in various 
disorders, includingsuspected (bacterial) vertebral osteomyelitis. How far 
streptavidin/111In-biotin scanning contributes to an increased disease specificity in 
this respect remains uncertain on the basis of the results obtained in the present 
study, although the high proportion of true negative (21/22) versus the low 
proportion of false positive streptavidin/111In-biotin scans (1/22) suggests a certain 
specificity for bacterial infections. The only false positive result observed with 
streptavidin/111In-biotin scintigraphy corresponded to the site of a spinal malignancy. 
We speculate that in this case there was grossly altered vascular permeability at the 
site where bone biopsy showed a metastatic spine lesion. The two false negative 
streptavidin/111In-biotin studies deserve some consideration, as both patients had 
tuberculous spinal osteomyelitis. Tuberculous infection is typically chronic in nature, 
polymorphonuclear leucocytes are scarce and most of the inflammatory cells are 
mononuclear cells (lymphocytes and cells of the monocyte-macrophage series) 
proliferating in situ to generate the chronic granuloma. In these situations, there is 
little vasodilation, vascular permeability or endothelial activation. It is also well 
known that the proliferation rate of the tubercle bacillus is extremely slow compared 
with that of the bacteria responsible for pyogenic infections. Thus, the explanation 
for the false negative results in the two cases of tuberculous spinal osteomyelitis 
may be that the mechanisms of streptavidin/111In-biotin scintigraphy (locally 
increased vascular permeability and possible utilisation of biotin by growing bacteria) 
were absent. In an earlier study [37] we had speculated that the use of streptavidin 
would not offer clear advantages over hen egg avidin because of identical biotin-
binding capacity and dissociation constants. However, in this study focussed on 
patients with suspected vertebral osteomyelitis we employed streptavidin, despite 
the expected antistreptavidin immune response [36, 37]. The rationale for this choice 
was based on the longer retention times of streptavidin in plasma compared with 
hen egg avidin (terminal T 1/2 about 3.5 h vs about 30 min) [44]. In fact, due to the 
peculiar anatomical situation of blood vessels secluded in an inexpandable space 
(bone marrow of the vertebral body), infection of the spine causes high intravertebral 
pressure and possible intravascular microthrombosis, rendering it difficult to achieve 
preferential accumulation of radiolabelled agents at the infected bone marrow site. 
We conjectured that, by injecting a pretargeting agent with longer circulation times in 
the blood pool, we could increase the probability of accumulation of such an agent at 
the inflamed/infected site. A potential disadvantage of this technique, however, is 
that immunogenic reactions may develop in response to subsequent administrations 
of the agent. The presence of antistreptavidin antibodies at the very least could lead 
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to altered biodistribution of the tracer, thereby affecting the accuracy of scintigraphic 
examination. In order to avoid such possible immunogenic reactions in follow-up 
studies, knowledge of antibody titres may be helpful [36, 37]. An alternative way to 
compromise between prolonged permanence in the circulation and lower 
immunogenicity would be to use a polyethylene glycol (PEG)-modified avidin. In 
particular, it has been shown that the conjugation of 10-kDa PEG to avidin yields a 
complex with suitable characteristics for pretargeting protocols [45, 46]. Taken 
together, the findings of this study emphasise the need for a more reliable method of 
scintigraphic imaging in vertebral osteomyelitis, a need that seems to be fulfilled by 
streptavidin/111In-biotin scanning. It is also worth mentioning that this procedure 
entails a low radiation burden (about 0.4 mSv to the whole body and 19 mSv to the 
target organ, the bladder) [47], which is much lower than that from a 67Ga-citrate 
scan (over 20 mSv to the whole body for a typical 185 MBq diagnostic dose). 
 

 
Fig 1a-f.  Representative examples of streptavidin/111In-biotin scans in six different patients 
with confirmed vertebral osteomyelitis. a focal areas of radioactivity uptake are clearly 
detectable, in the thoracic spine in one patient and b-e in the lumbar spine in all other 
patients. Kidney and bladder have been masked with lead in order to improve counting 
statistics from the areas of interest. 
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Fig. 2. Negative streptavidin/111In-biotin scintigraphy (left panel) in one patient with 
compression fracture in whom CT (right panel) also correctly identified the lesion of the 
vertebral body as different from osteomyelitis 
 
In conclusion, we believe that our investigation has demonstrated that 
streptavidin/111In-biotin scintigraphy is an efficacious method for the detection of 
vertebral osteomyelitis in the first 2 weeks after the onset of clinical symptoms. In 
view of the fact that early recognition and treatment of this condition is of crucial 
importance, we feel that streptavidin/111In-biotin scintigraphy will prove very helpful 
in choice of therapy. Whether or not this novel imaging modality can totally replace 
MRI and/or CT for the diagnosis of early vertebral osteomyelitis remains to be 
elucidated in further studies of large population samples. 
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Study Design: Early diagnosis of vertebral infection (hematogenous or postsurgical) 
is necessary to choose a correct therapy and to minimize dramatic complications. All 
patients suspected to have vertebral infection underwent  radiologic imaging and 
111In-Biotin scintigraphy. Objective: Biotin is a growth factor used by many bacteria. 
The aim of our study is to use 111In-Biotin to diagnose vertebral infections. Summary 
of Background Data: Magnetic resonance imaging, even if endowed with fairly 
good sensitivity and specificity, shows some limitations in the study of the onset of 
pathology and in postsurgical conditions. Conventional scintigraphic imaging, like 
bone scintigraphy with 99mTc-MDP, 67Ga-citrate scintigraphy, or Positron Emission 
Tomography with [18F]FDG, are limited by relatively low specificity; the use of 
Streptavidin/111In-Biotin scintigraphy, based on aspecific uptake of tracer in the site 
of infection, shows good results in term of sensibility and specificity but the use of 
heterologous protein might engender immunogenic reactions. Methods: All patients 
(pts) (n = 110) of the study underwent 111In-biotin scintigraphy 2 hours after 
intravenous injection of the tracer, 71 pts were suspected to have hematogenous 
vertebral infection (Group I) and 39 pts were suspected to have postsurgical 
infection (Group II). The reference for final diagnosis was either bacterial cultures, 
histopathologic analysis, and/or clinical/imaging follow-up for at least 1 year. 
Results: 111In-biotin scintigraphy showed a sensitivity of 84% and specificity of 98% 
in Group I and a sensitivity of 100% and specificity of 84% in Group II. 
Conclusions: Our results showed that 111In-Biotin scintigraphy possess high 
diagnostic accuracy. This technique is easy to perform and requires short imaging 
time-point after intravenous tracer injection. Moreover if 111In-Biotin uptake is due 
only to high proliferation rate of bacteria presents in site of infection, it will be further 
investigated to discriminate definitely bacterial from sterile inflammation. 
 
Key words: vertebral infection, 111In-Biotin scintigraphy, spine infection imaging.  
 
Infections of the spine include vertebral osteomyelitis, discitiis, and spondylodiscitis 
(SD). SD sometimes extends to the adjacent soft tissues and it can result in 
meningitis, epidural, subdural, paravertebral, retropharyngeal, mediastinic, or 
retroperitoneal abscesses. The most frequent site of vertebral infection is the lumbar 
spine (45%) followed by the dorsal (35%), and cervical (20%).1 Symptoms of spine 
infection are sometimes nonspecific, thus delaying diagnosis by as long as 6 weeks 
to 7 months.1–8 The course of SD is strongly affected by howearly is diagnosis 
made and is effective antibiotic therapy started.8 Undiagnosed spine infection or its 
delayed diagnosis leads to a mortality rate as high as 11%1,8 and to a neurologic 
impairment in about 20% of patients.7–9 SD most frequently occurs as a 
consequence of direct bacterial contamination due to open-wound trauma, spine 
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surgery, or other invasive medical procedures (spinal anesthesia, local infiltration for 
antalgic purposes),9–11 these conditions being defined as secondary SD. Purely 
hematogenous infections are instead less frequent, this condition being defined as 
primary SD. Pott disease is a special form of primary SD caused by Mycobacterium 
tuberculosis, extending frequently to paravertebral soft tissues12 and also 
presenting with multiorgan involvement.13,14 Back pain is the most frequent 
symptom in SD, followed by motor deficits and fever (usually low-grade).5,7 Blood 
chemistry abnormalities include moderately elevated C-reactive protein levels, 
erythrocyte sedimentation rate, and white blood cell count. Conditions predisposing 
to primary SD include drug addiction, prior implantation of vascular devices,2–6 prior 
severe infection at other sites and systemic metabolic diseases such as diabetes. 
Magnetic resonance (MR) is currently considered the imaging modality of choice in 
patients with possible spinal infection.15,16 The diagnostic accuracy of MR in the 
early phase of spinal osteomyelitis is high especially in primary SD, while 
postsurgical structural changes can hamper correct interpretation of MR imaging in 
secondary SDs.17 Furthermore, the diagnostic role of MR still remains controversial 
in the follow-up of patients,1,18,19 and several limitations have been reported.20 
Bacterial culture from specimens obtained by computed tomography (CT)-guided 
biopsy has 100% diagnostic specificity, but its sensitivity has been reported to range 
between 58% and 91%,1,21 and this invasive procedure is not routinely employed. 
 

Table 1  Clinical  characteristics of the study population 
 

 
 
 

Prior studies have shown that 2-step streptavidin/111In-biotin scintigraphy has high 
diagnostic accuracy in patients with various forms of osteomyelitis, including spinal 
infections. However, the predominant mechanism of streptavidin/111In-biotin uptake 
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at the inflamed/infected site is related to the nonspecific accumulation of streptavidin 
(a 65 kDa protein) due to locally increased vascular permeability. 111In-biotin, 
accumulates at the inflamed/infected focus because of its extremely high affinity for 
streptavidin (Kd _ 10_15) and only a small fraction of 111In-biotin, not bound to 
streptavidin, is directly uptaken by growing bacteria.22,23 Biotin (also called vitamin 
H, molecular weight 224 Da) is a growth factor for human cells and for several 
bacteria. In particular, pyruvate carboxylase, a key metabolic pathway for producing 
energy by ATP cleavage, is biotin-dependent24 and bacterial Acetyl-coA 
carboxylase is a biotin-dependent enzyme implied in the first step of fatty acid 
synthesis.25 The potential of radiolabelled biotin as an infection-imaging agent per 
se has already been shown in an experimental animal model of infection using biotin 
labelled with fluorine-1826 as well as in a small group of patients with osteomyelitis 
using 111Inbiotin.27 These considerations prompted us to explore the diagnostic 
potential of 111In-biotin alone to detect vertebral osteomyelitis in a large series of 
consecutive patients, in a relatively early stage of their disease. 
Materials and Methods 
Patients 
Over a period of 4 years (2001–2004), we studied 114 consecutive patients with 
suspicion of spinal infection. The study was approved by our institutional review 
board, and informed consent was obtained from all patients. Inclusion criteria were 
(a) age>18 years; (b) presence of at least 2 of the following signs or symptoms: 
back pain, fever, radiologic findings suggesting spinal osteomyelitis, or positive 
bacterial culture from blood. Clinical data (including underlying condition and prior 
spinal surgery) and suspected site of spinal infection of the study population are 
given in Table 1. In addition to 111In-Biotin scintigraphy, all patients also underwent 
either magnetic resonance imaging (MRI) (n=94) or CT (n=20), as well as physical 
examination, routine biochemical analysis, and conventional radiograph, within 40 
days after the onset of clinical signs or symptoms. Moreover, a detailed clinical 
history was obtained in all cases. Bacterial culture, histopathologic analysis, or 
clinical/imaging follow-up for at least 1 year were used as standard of reference for 
final diagnosis. Spinal infection was considered to be present on the basis of 
positive bacterial growth, characteristic findings on pathologic analysis, or in case of 
positive findings at clinical, laboratory, and imaging follow-up. Negative 
clinical/imaging signs and laboratory findings after 6 months without antibiotic 
therapy, as well as negative surgical findings or culture, were considered diagnostic 
for the absence of spinal infection. Four patients were excluded from the study 
because no follow-up data were available. The remaining 110 patients were divided 
into 2 groups on the basis of their clinical history: Group I included 71 patients with 
no history of prior spinal surgery, while Group II consisted of 39 patients with a 
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history of spine surgery within 2 years before the 111In-Biotin scan. Patients of Group 
I were significantly older than patients of Group II, while the proportion of women in 
Group II was significantly higher than in Group I. No significant differences were 
observed in the proportion of patients receiving antibiotic treatment at the time of 
111In-Biotin imaging (2-tail Fisher exact test: P=0.67; X

2 test: P=0.64). 
Radiopharmaceutical Preparation 
Diethylene-triamine-penta-acetic acid (DTPA)-conjugated biotin [_-
bis(biocytinamide)], purchased from Sigma (St. Louis, MO), was diluted in sterile 
acetate buffer 0.2 M, pH 5.5. Aliquots containing 500 _g/mL of DTPA-Biotin were 
then prepared and stored at 4°C for subsequent labe ling with Indium-111. Just 
before administration, a 500 _g DTPA-Biotin aliquot and 111In-chloride (111 MBq in 
about 1 mL) were mixed at room temperature for 15 minutes, and labeling efficiency 
was assessed by ascending chromatography (22,23); labeling efficiency was always 
>98%. 
Scintigraphic Imaging 
Scintigraphy was performed with a dual-head _-camera (Millennium, GE Medical 
System, Milwaukee, WI), equipped with a medium-energy collimator, using 20% 
energy windows centered around the 173 and 247 keV energy peaks of 111In (matrix 
128x128 pixels, with an 1.33 electronic zoom factor). Planar and single photon 
emission CT (SPECT) images of the site of suspected infection were acquired 2 
hours after injection of the tracer in all patients. The single imaging time-point at 2 
hours postinjection of 111In-Biotin was chosen because a previous study with 
streptavidin pretargeting had shown no additional diagnostic value of later 
acquisition times (18 –24 hours).23 Anterior and posterior planar images were 
acquired for 2 million counts each; the kidneys and bladder (sites of physiologic 
excretion) were shielded when included in the imaging field of view. SPECT images 
were obtained in a step-andshoot mode. The angular steps were 3° with a range of 
180° per gamma camera head and a 30-second acquisit ion per step. The image 
matrix was 256x256 pixels, and images were reconstructed as 4.42-mm-thick 
sections by using an iterative algorithm. The patients suspected of having 
hematogenous infection underwent also total-body scan. The patients who showed 
definite focal uptake of 111In-Biotin in the spine were injected intravenous with 185 
MBq of 99mTc-Nanocoll at the end of the 111In-Biotin acquisition. The images 
acquired 10 minutes later (without moving the patient) using a 20% energy window 
centered on the 140 keV energy peak of 99mTc served to better identify the anatomic 
structure of the skeleton. 
Image Interpretation 
For the purpose of analysis, planar and SPECT images were evaluated randomly 
and independently by 2 experienced nuclear medicine physicians that were unaware 



 90 

of the final diagnosis, as well as of the results of all other imaging methods. All areas 
with focal uptake of 111In-Biotin in the spine higher than background were noted and 
were graded as positive (presence of focal uptake) or negative (no focal uptake) for 
spinal infection. Equivocal readings were not permitted. Independent scores of the 2 
readers were compared and discrepancies were resolved by consensus. In addition 
to providing better topographic localization, the radiocolloid scan was also helpful for 
confirming spinal infection, which presents as a photopenic area at the site with 
abnormally high accumulation of 111In-Biotin (28). 
Statistical Analysis 
Data were expressed as mean values _ standard deviation, and confidence intervals 
(CI) whenever appropriate. Sensitivity, specificity, accuracy, positive predictive 
value, and NPV of 111In-Biotin scintigraphy for the diagnosis of spinal infection were 
calculated for both the whole 110 patients’ population and separately for Group I and 
for Group II. Differences between Group I and Group II were assessed by unpaired-
data t test, X

2, as well as with the McNemar test. Moreover, the relation of several 
demographic and clinical factors to vertebral infection was assessed with both 
univariate and multivariate nominal logistic regression analysis. The relative risks for 
significant predictors of the presence of vertebral infection were expressed by odds 
ratio with 95% confidence intervals. A 2-sided P value of less than 0.05 was 
considered statistically significant. All statistical evaluations were performed using 
the SAS software (SAS Institute, Cary, NC). 
Results 
Final diagnosis of spinal infection was achieved in 51 of 110 patients by means of 
either positive tissue cultures from biopsy or surgical samples (n = 33), detection of 
a purulent mass at surgical inspection (n = 8) or positive clinical, laboratory, and 
imaging follow-up data (n = 10). The infectious agent was identified in 33 cases 
(64.7%), Staphylococcus aureus being the predominant germ. Nonpyogenic 
infective agents including Mycobacterium tuberculosis (n=6) and Candida albicans 
(n=1) (Table 2). In particular, spinal infection was diagnosed in 31 of 71 patients of 
Group I (43.7%). The 40 patients of Group I who did not have spine infection had 
either degenerative disease (n = 12), compression fracture (n =4), spondylolisthesis 
(n = 2), ankylosing/rheumatoid spondylitis (n =3), or malignancies (n = 2). Less 
common conditions (1 patient each) included pericarditis, vasculitis, anal abscess, 
psoas abscess, and lung empyema, while no certain pathologies were identified in 
12 patients. Spinal infection was eventually diagnosed in 20 of 39 patients of Group 
II (51.3%). In these 20 patients, the interval between surgery and imaging ranged 
from 26 to 329 days (mean 127.2 + 91.3 SD; median 102 days). In the remaining 19 
cases no infection could be demonstrated. No statistically significant difference was 
found between Group I and Group II with regard to the incidence of vertebral 
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infection (P=0.44). 111In-Biotin scintigraphy was positive in 50 of 110 patients and 
negative in 60 of 110 patients. Multisite foci of infection were detected in 2 cases. 
The diagnostic performance parameters of 111In-Biotin scintigraphy in terms of 
sensitivity, specificity, positive predictive value, negative predictive value (NPV), and 
accuracy in the detection of vertebral infection are reported in Table 3, stratified for 
Group I and Group II, as well as for the overall patients. In Group I, 111In-Biotin 
scintigraphy correctly identified 26 of 31 patients with infection (true-positive cases, 
see representative case in Figure 1), while there were 5 false-negative cases 
(Figure 2) and 1 false-positive case (Figure 3). The 5 false-negative cases included 
4 patients with non pyogenic spinal infection (Mycobacterium tuberculosis in 3 
cases, Candida albicans in 1) and 1 patient with methicillin-sensitive Staphylococcus 
aureus infection who had received high-dose antibiotic therapy for 8 days before 
imaging. The single false-positive 111In-Biotin scan was observed in a patient with 
compression fracture of a vertebral body. In Group II, 111In-Biotin imaging was 
positive in all 20 of 20 patients with spinal infection. However, 3 false positive scans 
were observed in patients who had undergone surgery 32, 115, and 288 days, 
respectively, before scintigraphic imaging. No false-negative 111In-Biotin scans were 
recorded in patients of Group II. The McNemar test showed that the specificity of 
111In-Biotin scintigraphy for the diagnosis of spinal infection in patients of Group I 
was significantly higher than in Group II (P=0.01), while 111In-Biotin scintigraphy was 
more sensitive in Group II, although at borderline of statistical significance 
(P=0.058). 
 
Table 2 . Results of Bacterial Cultures 
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Table 3.  Diagnostic performance parameters of 111In-Biotin scintigraphy 
 

 
 

 
Figure 1.  Vertebral infection of L5 by St. Aureus in a patient of Group I. 111In-biotin 
scintigraphy (A) with tracer uptake in site of infection (TP) and corresponding 99mTc-
nanocolloids scintigraphy (B). 
 
 

 
Figure 2.  Lumbar vertebral infection by Candida Albicans in a patient of Group I. 111In-biotin 
scintigraphy (A) doesn’t show tracer uptake in site of infection (FN). Sagittal T1-weighted and 
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T2-weighted MRI shows confluent abnormal signal intensity involving L1-L2 disc and adjacent 
vertebral bodies with endplate erosions which are typical for SD (TP) (B). 
 
 
 

  
   
Figure 3.  Compression fracture of L5 in Group I patient. 111In-biotin scintigraphy shows mild 
tracer uptake in lumbar spine (FP) (A) corresponding on 99mTc-nanocolloids scintigraphy at 
L5 vertebra (B). False-positive scan of Group II, patient undergone surgery for L4-L5 disc 
hernia 115 days before 111In-biotin scintigraphy (C) and 99mTc-nanocolloids imaging (D) 
 
 
Discussion 
Diagnosing vertebral osteomyelitis early in the course of disease is crucial, 
considering that conventional radiology is sometimes negative within the first 4 
weeks after the onset of clinical signs. Although MR imaging, especially with the fat 
suppression technique, is the method of choice to diagnose hematogenous vertebral 
infection, the diagnosis of spondylitis is not always simple. Some conditions, such as 
atypical site of infection, coexisting degenerative disease or myeloma-chordoma 
may hamper the radiologic diagnosis.16 These difficulties lead to discordant results 
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especially in secondary SD, when discriminating true infection from the normal 
postoperative degenerative disc may be challenging.29 Furthermore, MR cannot 
always discriminate between sterile inflammation and bacterial infection.17 
Moreover, while both CT and MR only allow regional visualization of the body, 
(whereas infection may actually be widespread), radionuclide scintigraphy offers the 
possibility of evaluating the whole body during a single imaging session. While the 
conventional radionuclide procedures proposed to complementMRin patients with 
suspected osteomyelitis (bone scintigraphy with 99mTc-MDP, 67Ga-citrate 
scintigraphy, or PET with [18F]FDG) are generally highly sensitive, their specificity is 
widely variable.30–39 On the other hand, scintigraphy with autologous 99mTc-
HMPAO-leukocytes, a method widely applied to image infection in other sites of the 
body, is not suitable for spine infections.39,40 Among the most recent radiolabelled 
agents, 99mTc-ciprofloxacin41,42 has demonstrated low specificity for spine infection, 
especially when evaluating recently operated patients.43 Radiolabelled small 
peptides as PEG-liposomes (44), IL-8 (45,46) and antimicrobial peptides (47,48) 
hold promise for diagnosing infection potential, but so far they have been employed 
only in experimental animal models. Therefore, their potential to distinguish infection 
from sterile inflammation remains to be totally validated in patients. All such 
limitations of radionuclide procedures for imaging spine infections have been 
overcome by 2-step Streptavidin/111In-Biotin scintigraphy, proven to have superior 
diagnostic performance than either CT or MRI in patients with suspected spine 
infection.23 However, this approach raises the concerns that streptavidin, a 
heterologous protein, might elicit potentially dangerous immunogenic reactions in 
the patients undergoing such diagnostic procedure. These considerations prompted 
the present study based on administration of 111In-Biotin only, without streptavidin 
pretargeting. The rationale of this simplified approach was that positivity of the scan 
would depend on direct uptake of 111In-Biotin by growing bacteria at the infection site 
rather than on nonspecific protein accumulation due to edema and leaking 
capillaries. The results obtained in this study show that singlestep 111In-Biotin 
scintigraphy presents high value of diagnostic accuracy (91.8%) in detecting spine 
infections, similar to that previously observed with the more complex 2-step 
Streptavidin/111In-Biotin approach (23) in a different group of patients with suspected 
spine infection (94.5%). With 111In-Biotin scintigraphy we observed an especially 
high proportion of true-negative results in patients of Group I (39 of 40, or 97.5%), 
associated however, with a certain proportion of false-negative results (5 of 31, or 
16.1%). The fact that 4 out of such 5 false negative scans were observed in patients 
with spine infection from either Mycobacterium tuberculosis (3 cases) or Candida 
albicans (1 case) raises an interesting issue. In particular, tuberculous infection is 
typically chronic and slow-evolving, the predominant cells are lymphocytes and 
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monocytes-macrophages, granulocytes are scanty, local vasodilatation is not 
pronounced, vascular permeability is only slightly altered, and endothelial activation 
is somewhat blunted. Furthermore, the replication rate of Mycobacterium 
tuberculosis is much slower than that of other bacteria,49 a feature that reduces the 
likelihood of biotin being actively concentrated at the infection site. On the other 
hand, biotin doesn’t seem to be an essential growth factor for fungi, such as 
Candida albicans.50 The results obtained in the present series are also consistent 
with a prior study in patients with spine infection undergoing 2-step 
Streptavidin/111In-Biotin scintigraphy.23 In that study, the only 2 false-negative scans 
were observed in patients with tuberculous infection of the spine. As to the 
remaining patient with a false-negative 111In-Biotin scan, this occurrence might be 
linked to the long-term antibiotic therapy administered to this patient. As to the 
possibility of exploring with scintigraphy the whole body, the obvious clinical 
advantage offered by this feature versus CT/MR imaging became apparent in 2 
patients of Group I (with hematogenic infection), in whom multifocal sites of vertebral 
infection were observed, some of which were previously unsuspected on clinical 
ground. In Group I, 39 of 71 patients underwent 111In-Biotin scintigraphy within a 
time range of 20 to 25 days after the onset of symptoms. Considering that 
scintigraphy correctly classified patients in this Group, we can conclude that 111In-
Biotin scintigraphy has good diagnostic potential after 20 days from the onset of 
symptoms. Concerning the results obtained in patients of Group II (with suspected 
secondary SD), the especially high true-negative rate should be emphasized (16 of 
16, or 100% NPV), while the only parameter limiting diagnostic accuracy was a non 
negligible rate of falsepositive scans (3 of 19, or 15.8%). Nevertheless, all such 
patients showed a somewhat weak focal accumulation of 111In-Biotin at the site of 
prior surgery, probably reflecting a locally altered vascular permeability due to 
surgical trauma rather than active tracer uptake. The false positive cases of this 
Group had undergone surgery 32, 115, and 288 days before imaging, respectively. 
Considering such a prolonged time range and the fact that true positive results were 
observed after 26 days from surgery lead to conclude that 111In-Biotin scintigraphy is 
expected to have good diagnostic potential starting from 25 days after surgery. 
Since 111In-Biotin does not appreciably accumulate in normal bone and/or bone 
marrow, the only anatomic landmarks in the scan are the sites of physiologic 
excretion, such as the kidneys when exploring the low-dorsal or lumbar spine. 
Instead, when exploring the high-dorsal or cervical spine, exact identification of the 
vertebral body harboring infection can be more problematic. Thus, when no 
SPECT/CT equipment is available for morphofunctional coregistered imaging, 
performing an additional 99mTc-nanocoll scintigraphy after completion of the 111In-
Biotin scan greatly helps in better identifying the site of infection. Our study has 
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some limitations. Bone biopsy was not performed in all patients, and clinical/imaging 
follow-up data had to be used as a standard of reference in several cases 
introducing some potential verification bias. Moreover, selection of suspected spinal 
infection was based on clinical and radiologic or cultural findings and a selection 
bias thus may have been introduced. Nevertheless, we believe that our approach 
reflects daily clinical practice and, to minimize selection bias, we included patients 
consecutively. In conclusion, our results suggest that single-step 111In-Biotin 
scintigraphy is a safe, efficient imaging modality for detecting vertebral osteomyelitis 
within the first 40 days after the onset of clinical symptoms. The procedure is easier 
to perform than the 2-step Streptavidin/111In-Biotin procedure previously described 
with the same type of clinical application, and does not entail any potential biologic 
hazard as administration of a heterologous protein such as Streptavidin might entail. 
Still, the 1-step method described here shows high diagnostic accuracy for both in 
hematogenous and postsurgical vertebral infection. However, further prospective 
studies comparing both 111In-Biotin scintigraphy and dynamic contrast-enhanced 
MRI with biopsy and culture findings in a larger series of patients are required for a 
more comprehensive elucidation of the diagnostic potential of this new scintigraphic 
tracer particularly in order to definitely discriminate bacterial infection from sterile 
inflammation. 
 
Key Points 
● 111In-Biotin uptake is due only to high proliferation rate of bacteria presents in site 
of infection. 
● Single-step 111In-Biotin scintigraphy is a safe, efficient imaging modality for 
detecting vertebral osteomyelitis. 
● 111In-Biotin scintigraphy will be further investigated to discriminate definitely 
bacterial from sterile inflammation. 

 
 
 
 
 
 
 
 
 
 



 97 

References 
 
1. Carragee EJ. Pyogenic vertebral osteomyelitis. J Bone Joint Surg Am 1997; 
79:874–80. 
2. Tyrrell PN, Cassar-Pullicino VN, Mc Call IW. Spinal infection. Eur Radiol 
1999;9:1066–77. 
3. Mader JT, Calhoun J. Osteomyelitis. In: Mandell GL, Bennett JE, Dolin R, eds. 
Principles and Practice of Infectious Diseases. Vol. 1. Churchill Livingstone; 
2000:1182–96. 
4. Torda AJ, Gottlieb T, Bradbury R. Pyogenic vertebral osteomyelitis: analysis of 20 
cases and review. Clin Infect Dis 1995;20:320–8. 
5. Honan M, White GW, Eisenberg GM. Spontaneous infectious discitis in adults. 
Am J Med 1996;100:85–9. 
6. Carragee EJ, Kim D, van der Vlugt T, et al. The clinical use of erythrocyte 
sedimentation rate in pyogenic vertebral osteomyelitis. Spine 1997;22: 2089–93. 
7. Chen HC, Tzaan WC, Lui TN. Spinal epidural abscesses: a retrospective analysis 
of clinical manifestations, sources of infection, and outcomes. Chang Gung Med J 
2004;27:351–8. 
8. McHenry MC, Easley KA, Locker GA. Vertebral osteomyelitis: long-term outcome 
for 253 patients from 7 Cleveland-area hospitals. Clin Infect Dis 2002;34:1342–50. 
9. Bale´riaux DL, Neugroschl C. Spinal and spinal cord infection. Eur Radiol 
2004;14:E72 E83. 
10. Dullerud R, Nakstad PH. Side effects and complications of automated 
percutaneeous lumbar nucleotomy. Neuroadiology 1997;39:282–5. 
11. Guyer RD, Ohnmeiss DD, Mason SL, et al. Complications of cervical 
discography: findings in large series. J Spinal Disord 1997;10:95–101. 
12. Perronne C, Saba J, Behloul Z, et al. Pyogenic and tuberculous spondylodiskitis 
(vertebral osteomyelitis) in 80 adult patients. Clin Infect Dis 1994;19: 746–50. 
13. Wang D. Diagnosis of tuberculous vertebral osteomyelitis (TVO) in a developed 
country and literature review. Spinal Cord 2005;43:531–42. 
14. Yoon HJ, Song YG, Park WI, et al. Clinical manifestations and diagnosis of 
extrapulmonary tuberculosis. Yonsei Med J 2004;45:453–61. 
15. Van Goethem JW, Parizel PM, van den Hauwe L, et al. The value of MRI in the 
diagnosis of postoperative spondylodiscitis. Neuroradiology 2000;42: 580–5. 
16. Longo M, Granata F, Ricciardi K, et al. Contrast-enhanced MR imaging with fat 
suppression in adult-onset septic spondylodiscitis. Eur Radiol 2003; 13:626–37. 
17. Grane P, Josephsson A, Seferlis A, et al. Septic and aseptic post-operative 
discitis in the lumbar spine: evaluation by MR imaging. Acta Radiol 1998;39:108–15. 
18. Wolansky LJ, Heary RF, Patterson T, et al. Pseudosparing of the endplate: a 
potential pitfall in usingMRimaging to diagnose infectious spondylitis. AJR Am J 
Roentgenol 1999;172:777–80. 
19. Enzmann DR. Infection and inflammation. In: Enzmann DR, DeLaPaz RL, Rubin 
JB,eds. Magnetic Resonance of the Spine. St. Louis: Mosby; 1990: 
260–300. 
20. Wagner SC, Schweitzer ME, Morrison WB, et al. Can imaging findings help 
differentiate spinal neuropathic arthropathy from disk space infection? Initial 
experience. Radiology 2000;214:693–9. 



 98 

21. Felix SC, Mitchell JK. Diagnostic yield of CT-guided percutaneous aspiration 
procedures in suspected spontaneous infectious diskitis. Radiology 2001;218:211–
4. 
22. Lazzeri E, Manca M, Molea N, et al. Clinical validation of the avidin/indium-111 
biotin approach for imaging infection/inflammation in orthopaedic patients. Eur J 
Nucl Med 1999;26:606–14. 
23. Lazzeri E, Pauwels EK, Erba PA, et al. Clinical feasibility of two-step 
streptavidin/ 111In-biotin scintigraphy in patients with suspected vertebral 
osteomyelitis. Eur J Nucl Med Mol Imaging 2004;31:1505–11. 
24. Yao X, Wei D, Soden C Jr, et al. Structure of the carboxyl-terminal fragment of 
the apo-biotin carboxyl carrier subunit of escherichia coli acetyl-coA carboxylase. 
Biochemistry 1997;36:15089–100. 
25. Attwood PV. The structure and the mechanism of action of pyruvate 
carboxylase. Int J Biochem Cell Biol 1995;27:231–49. 
26. Shoup TM, Fischman AJ, Jaywook S, et al. Synthesis of fluorine-18-labelled 
biotin derivatives: biodistribution and infection localization. J Nucl Med 
1994;35:1685–90. 
27. Rusckowski M, Paganelli G, Hnatowich DJ, et al. Imaging osteomyelitis with 
streptavidin and Indium-111-labelled biotin. J Nucl Med 1996;37: 1655–62. 
28. Palestro CJ, Metha HH, Patel M, et al. Marrow versus infection in the charcot 
joint: Indium-111 leucocyte and Technetium-99m sulphur colloid scintigraphy. J Nucl 
Med 1998;39:346–50. 
29. Babar S, Saifuddin A. MRI of the post-discectomy lumbar spine. Clin Radiol 
2002;57:969–81. 
30. Gratz S, Dorner J, Oestmann JW, et al. 67Ga-citrate and 99mTc-MDP for 
estimating the severity of vertebral osteomyelitis. Nucl Med Commun 2000; 21:111–
20. 
31. Love C, Patel M, Lonner BS, et al. Diagnosing spinal osteomyelitis: a 
comparison of bone and Ga-67 scintigraphy and magnetic resonance imaging. Clin 
Nucl Med 2000;25:963–77. 
32. Stumpe KD, Dazzi H, Schaffner A, et al. Infection imaging using whole-body 
FDG-PET. Eur J Nucl Med 2000;27:822–32. 
33. Kalicke T, Schmitz A, Risse JH, et al. Fluorine-18 fluorodeoxyglucose PET in 
infectious bone diseases: results of histologically confirmed cases. Eur J Nucl Med 
2000;27:524–8. 
34. Zhuang H, Alavi A. 18-Fluorodeoxyglucose positron emission tomographic 
imaging in the detection and monitoring of infection and inflammation. Semin Nucl 
Med 2002;32:47–59. 
35. Schmitz A, Kalicke T, Willkomm P, et al. Use of fluorine-18 fluoro-2-deoxy- D-
glucose positron emission tomography in assessing the process of tuberculous 
spondilitys. J Spinal Disord 2000;13:541–44. 
36. Gratz S, Dorner J, Fischer U, et al. 18F-FDG hybrid PET in patients with 
suspected spondylitis. Eur J Nucl Med 2002;29:516–24. 
37. De Winter F, Gemmel F, Van De Wiele C, et al. 18-Fluorine fluorodeoxyglucose 
positron emission tomography for the diagnosis of infection in the postoperative 
spine. Spine 2003;28:1314–19. 



 99 

38. Rosen RS, Fayad L, Wahl RL. Increased 18F-FDG uptake in degenerative 
disease of the spine: characterization with 18F-FDG PET/CT. J Nucl Med 
2006;47:1274–80. 
39. Palestro CJ, Kim CK, Swyer AJ, et al. Radionuclide diagnosis of vertebral 
osteomyelitis:indium-111-leukocyte and technetium-99m-methilene diphosphonate 
bone scintigraphy. J Nucl Med 1991;32:1861–65. 
40. Whalen JL, Brown ML, McLeod R, et al. Limitations of indium leukocyte imaging 
for the diagnosis of spine infections. Spine 1991;16:193–7. 
41. Sarda L, Cremieux AC, Lebellec Y, et al. Inability of 99mTc-ciprofloxacin 
scintigraphy to discriminate between septic and sterile osteoarticular diseases. J 
Nucl Med 2003;44:920–6. 
42. Larikka MJ, Ahonen AK, Niemela O, et al. Comparison of 99mTc ciprofloxacin, 
99mTc white blood cell and three-phase bone imaging in the diagnosis of hip 
prosthesis infections: improved diagnostic accuracy with extended imaging time. 
Nucl Med Commun 2002;23:655–61. 
43. De Winter F, Gemmel F, Van Laere K, et al. 99mTc-ciprofloxacin planar and 
tomographic imaging for the diagnosis of infection in the postoperative spine: 
experience in 48 patients. Eur J Nucl Med Mol Imaging 2004;31:233–9. 
44. Dams ET, Oyen WJ, Boerman OC, et al. 99mTc-PEG liposomes for the 
scintigraphic detection of infection and inflammation: clinical evaluation. J Nucl Med 
2000;41:622–30. 
45. Rennen HJ, Boerman OC, Oyen WJ, et al. Specific and rapid scintigraphic 
detection of infection with 99mTc-labelled interleukin-8. J Nucl Med 2001;42:117–23. 
46. Rennen HJ, Corstens FH, Oyen WJ, et al. New concepts in 
infection/inflammation imaging. Q J Nucl Med 2001;45:167–73. 
47. Nibbering PH, Welling MM, Paulusma-Annema A, et al. 99mTc-labelled UBI 29–
41 peptide for monitoring the efficacy of antibacterial agents in mice infected with 
Staphylococcus aureus. J Nucl Med 2004;45:321–6. 
48. Welling MM, Visentin R, Feitsma HI, et al. Infection detection in mice using 
99mTc-labelled HYNIC and N2S2 chelate conjugated to the antimicrobial peptide 
UBI 29–41. Nucl Med Biol 2004;31:503–9. 
49. Dubos RJ, Davis BD. Factors affecting the growth of tubercle bacilli in liquid 
media. J Exp Med 1946;83:409–23. 
50. Chandra J, Kuhn DM, Mukherjee PK, et al. Biofilm formation by the fungal 
pathogen Candida albicans: development, architecture, and drug resistance. J 
Bacteriol 2001;183:5385–94. 
 
 
 



 100 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 101

 
 

Chapter 7 
 
 

Clinical Impact of SPECT/CT with 111In-Biotin on 
the Management of Patients with Suspected 

Vertebral Osteomyelitis 
 

 

Elena Lazzeri1, Paola Erba1, Marzio Perri1, Roberta Doria2,  

Carlo Tascini2 and Giuliano Mariani1 

 

(1) Regional Center of Nuclear Medicine, University of Pisa Medical 

School, Pisa, Italy; 

(2) Division of Infective and Tropical Diseases, University Hospital of 

Pisa, Pisa, Italy  

 

Submitted Clin Nucl Med 2009 

 

 

 

 

 

 

 
 
 
 



 102 

ABSTRACT 
Purpose : Early identification and localization of spine infection is necessary for the 
planning the most adequate therapy. We comparatively assessed the diagnostic and 
localization performance of 111In-Biotin SPECT/CT versus planar and SPECT 
imaging in patients with suspected spine infection. Methods : 72 consecutive 
patients underwent SPET/CT and planar imaging 2-4 hours post i.v. injection of 
111In-Biotin. Final diagnosis was based on bacterial cultures and/or clinical/imaging 
follow-up for at least one year. The diagnostic and localization performance of 111In-
Biotin scintigraphy was evaluated by separately reading planar, SPECT alone, and 
SPECT/CT imaging. Results : 111In-Biotin SPECT/CT and SPECT showed similar 
sensitivity (93.5% versus 92.1%) and identical specificity (92.3%), both higher than 
those achieved by planar imaging alone (80.4% sensitivity and 69.2% specificity), 
although with different degrees of statistical significance. In 13 out of the 46 patients 
with confirmed spine infection SPECT/CT provided additional diagnostic information 
(implying some change in therapy planning with definite clinical advantage over 
SPECT alone), by correctly depicting the infection as involving the bone only, or 
both bone and soft tissue; furthermore, in 3 additional cases it allowed to rule out 
true spine infection, by identifying infection to involve the para-vertebral soft tissues 
only. Conclusions : SPECT/CT enhances the clinical impact of 111In-Biotin 
scintigraphy on clinical management of patients, allowing to localize the exact site of 
infection, therefore to select the most adequate therapy. 
 
Key words: vertebral osteomyelitis, soft tissue infection, 111In-Biotin scintigraphy, 
SPECT/CT imaging. 

 
INTRODUCTION 
Vertebral osteomyelitis (also defined as spondilodiscitis, SD) can be either primary 
(haematogenous) or secondary (direct bacterial contamination due to open-wound 
trauma, spine surgery, or other invasive medical procedures). A multidisciplinary 
approach is crucial to establish prompt diagnosis and to select proper therapy, 
because diagnosis is often delayed by poor specificity of symptoms. Delay of 
appropriate therapy can lead to irreversible neurological impairment and even to 
death [1-3]. 
Back pain is the most frequent symptom of SD, followed by fever (usually low-
grade), anorexia, spinal tenderness and rigidity [1-6]. Neurological signs are present 
in only 15% of the patients, while blood chemistry abnormalities include high C-
reactive protein levels; erythrocyte sedimentation rate and white blood cell count can 
vary, depending on the grade and type of SD [7-9]. The lumbar-sacral tract of the 
spine is the most frequent site of vertebral infection (45%) followed by the dorsal 
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(35%), and cervical tract (20%) [1]. Predisposing conditions include drug addiction, 
prior implantation of vascular devices including valve prosthesis [2-5], prior severe 
infection at other sites, and systemic metabolic diseases such as diabetes. 
Suspicion of spine infection raised on clinical ground must be confirmed or ruled out 
by diagnostic imaging, including both radiologic and radionuclide procedures: 
Computed Tomography (CT), Magnetic Resonance Imaging (MRI), 99mTc-MDP bone 
scintigraphy combined with 67Ga-citrate scintigraphy, 67Ga-citrate SPECT, and 
Positron Emission Tomography (PET) with [18F]FDG [10]. MRI is currently the 
modality of choice in patients with suspected spinal infection [11,12], especially in 
patients with primary SD. Nevertheless, post-surgical structural changes can 
hamper correct interpretation of MRI, and the diagnostic role of MRI is questioned 
during patients’ follow-up and disease monitoring [1,13-17]. Although CT-guided 
biopsy with bacterial culture has 100% diagnostic specificity, its sensitivity ranges 
between 58%–91% [1,18-19]; this invasive procedure is therefore not routinely 
employed. On the other hand, few diagnostic algorithms and/or practical guidelines 
for imaging are available for secondary SD and for patients’ follow-up after therapy 
[10,20]. 
Prior studies have shown the high diagnostic accuracy of 111In-Biotin scintigraphy in 
patients with spinal infections [21-24]. In this regard, the recent introduction of hybrid 
SPECT/CT systems has provided the opportunity to enrich purely functional images 
characterized by relatively low anatomic definition (such as those obtained with 
planar and tomographic 111In-Biotin scintigraphy) with the correlation to anatomical 
landmarks for better localizing the foci of abnormal uptake. In this study we explored 
the added clinical value of SPECT/CT with 111In-Biotin to detect vertebral 
osteomyelitis and to identify possible involvement of the adjacent paravertebral soft 
tissues in a large series of consecutive patients in a relatively early stage of disease. 
MATERIALS AND METHODS 
Patients 
Between April 2005 and April 2007, we evaluated 106 consecutive patients with 
suspected vertebral osteomyelits. The study protocol was approved by our 
Institutional Review Board, and informed consent was obtained from all patients. 
Inclusion criteria were: (a) age >18 years, (b) no pregnancy or lactation, (c) 
suspicion of vertebral infection on the basis of clinical presentation (presence of at 
least back pain and fever, or back pain and positive blood culture), routine blood 
chemistry (erythrocyte sedimentation rate, C-reactive protein, white blood cell count, 
etc.) and radiological findings suggesting vertebral osteomyelitis. Detailed clinical 
history was obtained in all cases. All the patients gave their written informed consent 
prior to inclusion. All patients underwent physical examination, conventional x-ray as 
well as 111In-Biotin scintigraphy within 40 days after the onset of clinical signs or 
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symptoms. Bacterial culture (from samples obtained by CT-guided biopsy or during 
open surgery), histopathologic analysis, and/or clinical/imaging follow-up for at least 
one year were used as standard of reference for final diagnosis. SD was confirmed 
in case of positive bacterial growth on biopsy/intraoperative sampling or in case of 
typical/specific positive findings at clinical, laboratory and scintigraphic imaging 
(99mTc-MDP bone scan and/or 67Ga-citrate scan), with partial/complete response to 
antibiotic therapy and normalization of imaging abnormalities after at least 3 months 
of therapy. Negative clinical/imaging signs and laboratory findings after 6 months 
without antibiotic therapy, as well as negative surgical findings or culture, permitted 
to rule out the diagnosis of spinal infection. Thirty-four patients were excluded from 
the study because no adequate follow-up data were available. The remaining 72 
patients formed therefore our study group, which was further divided into two 
subgroups, respectively with suspected haematogenous infection (n=44) and with 
suspected post-surgical infection (n=28) The main clinical data and site of suspected 
SD of the study population are summarized in Table 1. A total of 46 patients also 
underwent MRI, 7 patients underwent CT imaging, and 15 underwent both MR and 
CT imaging. 
 

 

Table 1 – Main clinical features of the study population. 

 

 
   Mean age (yr)   57.7 ± 14.3 
   Median, and range  56, 31–86 
 
   Men/Women   29/43 
 
   Prior spinal surgery  28 
 
   Suspected site: 
    lumbar   46 
    thoracic   11 
    L5–S1    8 
    cervical    5 
    multiple levels     2 
 
   Antibiotic therapy  18 
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Radiopharmaceutical 
Diethylene-triamine-penta-acetic acid (DTPA)-conjugated biotin [Ω-
bis(biocytinamide)], purchased from Sigma (St. Louis, MO, USA), was diluted in 
sterile acetate buffer 0.05 M, pH 5.5. Aliquots containing 500 µg/ml of DTPA-Biotin 
were then prepared and stored at 4°C for subsequent  labeling with Indium-111. Just 
prior to administration, a 500 µg DTPA-Biotin aliquot and 111In-chloride (111 MBq in 
about 1 mL) were mixed at room temperature for 15 minutes, and labeling efficiency 
was assessed by ascending chromatography [22-23]; labeling efficiency was always 
>98%. 
Scintigraphic imaging 
Scintigraphy was performed with a hybrid SPECT/CT dual-head gamma camera 
(Infinia Hawkeye, GE Healthcare, Milwaukee, WI, USA). Medium-energy collimators 
and 20% energy windows centered around the 173 keV and 247 keV energy peaks 
of 111In were employed for imaging. In all patients planar and SPECT/CT images of 
the site of suspected infection were acquired 2-4 hours after i.v. injection of the 

radiopharmaceutical. Anterior and posterior planar images (matrix 128×128 pixels, 
with an 1.33 electronic zoom factor) were acquired for 500.000 counts each; the 
kidneys and bladder (sites of physiologic excretion) were shielded when included in 
the imaging field of view. SPECT images were obtained in a step-and-shoot mode, 
employing 3° angular steps with a range of 180° per  gamma camera head and a 30-

second acquisition per step. The image matrix was 256×256 pixels, and images 
were reconstructed as 4.42-mm-thick sections by using an iterative algorithm. CT 
images were simultaneously acquired (matrix of 256x256, slice step 10 mm, 2.5 mA, 
140 KV), to correct for tissue attenuation and to generate fused images 
(SPECT/CT). The patients suspected to have haematogenous infection underwent 
also total-body scan. 
Image interpretation 
Separate planar, SPECT and SPECT/CT images were interpreted jointly and in 
consensus by two experienced nuclear medicine physicians (E.L. and P.A.E.) who 
were unaware of the final diagnosis and of the results of other imaging modalities. 
Image analysis was performed in three separate reading sessions. Only planar 
images were reviewed initially, and classified as positive if 111In-Biotin uptake was 
present at the site of suspected vertebral infection and negative if no 111In-Biotin 
uptake was detected. In the second reading session SPECT images (in transaxial, 
coronal and sagittal planes, and as maximum intensity projection) were reviewed 
directly on a workstation using Xeleris software (eNtegra 2.5202, GE Healthcare, 
Waukesha, WI, USA). The images were classified as positive or negative according 
to the presence of 111In-Biotin uptake in the spine. Fusion imaging was subsequently 
evaluated (third reading session), and the SPECT/CT findings were compared with 
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the findings obtained with SPECT alone and with planar imaging alone. SPECT/CT 
was considered contributory when it provided data that could not be obtained from 
the assessment of planar and SPECT images concerning not only the presence of 
infection but its precise location (bone involvement only or extension to the adjacent 
paravertebral soft tissues). 
Statistical Analysis 
Data were expressed as mean values ± standard deviation, and/or confidence 
intervals whenever appropriate. The number of cases in which SPECT/CT changed 
scintigraphic interpretation with respect to the presence or exact location of infection 
was recorded and used for comparing the diagnostic performances of planar, 
SPECT and SPECT/CT imaging, respectively. 111In-Biotin planar, SPECT and 
SPECT/CT sensitivity, specificity, positive predictive value (PPV), negative predictive 

value (NPV) and accuracy for detection of spinal infection were calculated and 
compared using the McNemar’s test. Statistical analyses were performed using 

SPSS 14.0 (SPSS, Chicago, IL, USA). Two-tailed P values of 0.05 or less were 
considered to be statistically significant. 
RESULTS 
Spinal infection was confirmed in 46/72 patients (63.9%) by means of either positive 
tissue cultures from bioptic/surgical samples (n=26), or positive clinical, laboratory 
and imaging follow-up data (n=20). Out of the 26 cases with positive bacterial 
culture, the infectious agent was identified in 23 cases, Staphylococcus aureus 
being the predominant germ (n=14) (see Figure 1 for St. aureus infection involving 
only the soft tissues) followed by Mycobacterium tuberculosis (n=5), Streptococcus 
(n=2), Aspergillus (n=1), and Propionibacterium acnes (n=1). The specific strain was 
not identified in the remaining 3 cases with positive bacterial growth. The 26 patients 
who did not have spine infection had either compression fracture (n=6), 
degenerative disease (n=5), malignancies (n=5), or disk hernia (n=3). Less common 
conditions included pleuro-pulmonary infection and vasculitis (1 patient each). No 
clear pathologies were definitely identified in the remaining 5 patients. 
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Fig. 1  Patient with St. aureus post-surgical infection involving the posterior soft tissues 
adjacent to the L3-L5 lumbar tract, with 111In-Biotin accumulation at the site of infection and in 
the corresponding abdominal lymph node, without bone involvement. (a): sagittal SPECT, CT, 
and fused sections. (b): transaxial SPECT, CT, and fused sections 

 

111In-Biotin SPECT/CT was positive in 45/72 (multiple foci of infection being detected 
in 2 cases) and negative in 27/72 patients. The diagnostic performance parameters 
of planar, SPECT and SPECT-CT 111In-Biotin scintigraphy in terms of sensitivity, 
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specificity, positive predictive value (PPV), negative predictive value (NPV), and 
accuracy for detecting vertebral infection are reported in Table 2. 
 

Table 2 – Comparative diagnostic performance parameters of planar imaging, SPECT 
imaging, and SPECT/CT fusion imaging, respectively (PPV = positive predictive value; NPV = 
negative predictive value; N.S. = not significant, with P>0.05). 
 
 
 

  Planar   SPECT     SPECT/CT          SPECT vs    SPECT/CT vs    SPECT/CT vs 
                        Planar (P)      Planar (P)           SPECT (P) 
 

 
Sensitivity, %    80.8 (38/46 )  92.1 (41/46)   93.5 (43/46)           N.S.             0.0313             N.S 
Specificity, %    68 (17/26)   92.3 (24/26)   92.3 (24/26)        0.0313            0.0313             N.S. 
Accuracy, %     76.4 (55/72)    90.3 (65/72)   93.0 (67/72)         0.0020            0.0005                  N.S 
PPV, %           82.6 (38/46)   95.3 (41/43)   95.5 (43/45)          N.S.              0.0313             N.S. 
NPV, %           65.3 (17/26)   82.7 (24/29)   88.8 (24/27)        0.0313            0.0313                   N.S. 
 

 
 

SPECT performed significantly better than planar imaging as regards specificity, 
overall accuracy and negative predictive value (but not for sensitivity and positive 
predictive value), while all the diagnostic performance parameters of SPECT/CT 
were significantly better than those of planar imaging. Nevertheless, there was no 
statistically significant difference in the diagnostic performances of SPECT/CT 
versus those of SPECT alone (see Table 2), although SPECT/CT resulted in more 
accurate localization of the site of infection in 16/45 cases (35.5%), e.g., by 
detecting infection involving also the adjacent soft-tissues in addition to spine 
infection. Furthermore, in 3 of such 16 cases hybrid imaging clearly localized 111In-
Biotin uptake in the paravertebral soft-tissues only, thus excluding true bone 
infection; these 3 patients had had recent spine surgery, and SPECT/CT correctly 
identified post-operative infection limited to the surgical wound. Overall, SPECT and 
SPECT/CT imaging reduced both false-positive and false-negative results of planar 
imaging alone. In particular, 8 false-positive results of planar imaging were reduced 
to 2 with either SPECT or SPECT/CT, while the 9 false-negative findings of planar 
imaging were reduced to 5 and to 3, respectively with SPECT and with SPECT/CT. 
In the latter instance, SPECT/CT correctly reclassified as positive for spinal infection 
two cases with mild tracer uptake in the anterior portion of the vertebral body that 
had been misinterpreted as vascular blood pool both on planar imaging and on 
SPECT imaging. Incorrect SPECT/CT findings included two false-positive and three 
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false-negative results. The false-positive cases included one patient with Wegener’s 
granulomatosis (Figure 2) and one patient with aseptic vertebral phlogosis, both 
confirmed by bone biopsy. The SPECT/CT false-negative findings included two 
patients with non-pyogenic spinal infection (Mycobacterium tubercolosis) (Figure 3) 
and one patient with meticillin-sensitive Staphylococcus aureus infection. 
 

    

Fig. 2  Patient with Wegener’s granulomatosis. Transaxial, coronal, and sagittal fused 
SPECT/CT sections showing mild 111In-Biotin uptake in dorsal vertebra (false-positive finding) 
 

         

Fig. 3  Patient with Mycobacterium tuberculosis infection of the L3 body. Transaxial CT, 
SPECT and fused sections showing no obvious 111In-Biotin accumulation at the infection site 
(false-negative result) 
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DISCUSSION 
Although radiological imaging, particularly MR, represents the method of choice for 
the diagnosis of haematogenous vertebral infection, such procedures suffer from 
some limitations especially in the differential diagnosis between SD and other 
conditions such as degenerative disease or myeloma-chordoma [14-16]. 
Furthermore, the diagnostic accuracy of radiological imaging is reduced in patients 
with secondary SD, because of the difficulty in discriminating infection from reactive 
postoperative changes. Moreover, since MR cannot always discriminate between 
sterile inflammation and bacterial infection [13,15], its usefulness for the follow-up of 
patients undergoing treatment is controversial. Although radionuclide imaging with, 
e.g., 99mTc-MDP, 67Ga-citrate or [18F]FDG is highly sensitive in patients with 
suspected vertebral osteomyelitis, its specificity varies widely [25-31]. On the other 
hand, nuclear medicine procedures offer the advantage of whole body acquisition 
during a single imaging session, thus making possible the detection of unknown 
sites of infection either in the spine and/or in other organs. Among other radionuclide 
approaches explored, 99mTc-ciprofloxacin (a radiolabelled antibiotic) [32,33] has 
demonstrated high specificity for osteomyelitis, not confirmed however in the specific 
setting of secondary spine infections [34]. Most of the above limitations to 
radionuclide imaging for detecting spine infections have been overcome by 111In-
Biotin scintigraphy, which has shown high accuracy in detecting spine infection [24]. 
The mechanism of 111In-Biotin accumulation at the infection sites has been linked to 
the fact that bacterial Acetyl-coA carboxylase, involved in the synthesis of fatty 
acids, is biotin dependent and many bacteria utilize biotin as their growth factor [35].  
The results of the present study indicate that the high diagnostic performance of 
111In-Biotin scintigraphy may be further improved by the combined SPECT/CT 
acquisition. In fact, the diagnostic accuracy of 111In-Biotin SPECT/CT observed in 
our study (93%) is higher than the values observed with either planar scintigraphy or 
SPECT as stand-alone examinations (76.3% and 90.3%, respectively). 
111In-Biotin SPECT/CT allowed the correct diagnosis of spine infection in 43/46 
affected patients, or 93.5% of the cases. The false-negative cases included two 
cases of infection from Mycobacterium tuberculosis. Such observation, which is 
consistent with our previous findings in a different population of patients [24], is 
probably explained by the slow replication rate (with consequent lower utilization of 
biotin) of this microorganism versus other bacteria. The third false-negative 111In-
Biotin scan was observed in a patient with spine infection from meticillin-sensitive 
Staphylococcus aureus after long-term antibiotic therapy. Such therapy might have 
caused reduction of the microrganism load (although without definite cure of the 
infection) with subsequent reduction of tracer incorporation. The 24/26 true-negative 
results included 5 patients with bone metastasis, none of them exhibiting any uptake 
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of 111In-Biotin at the suspected site of infection. On the other hand, there were two 
false-positive results, observed in a patient with Wegener granulomatosis and in a 
patient with aspetic phlogosis of a vertebral body, respectively (both confirmed by 
CT-guided biopsy). In both such conditions nonspecific 111In-Biotin accumulation 
might have occurred because of local changes of vascular permeability. When 
comparing planar with SPECT images, the former showed a higher proportion of 
false-positive results (8 versus 2), due to poor identification of physiological or 
patho-physiological areas of tracer uptake in, e.g., the ureters (n=3), heart wall 
(n=1), pleural region (n=1), lymph-nodes (n=2) or vertebral crush (n=1). Planar 
imaging also yielded more false-negative cases than SPECT imaging (9 versus 5), 
most likely linked to small size of the areas with abnormal 111In-Biotin uptake at the 
infection site. There were two discordant findings between planar imaging and 
SPECT (both being true-positive) concerning localization of the infection; in both 
cases SPECT demonstrated that infection was not confined to bone (as planar 
imaging would indicate) but rather involved also the adjacent soft tissues. The better 
imaging performance of SPECT was further improved when adding image fusion 
analysis (SPECT/CT), concerning especially the false-negative cases and the true-
positive cases with soft tissues involvement of infection. In fact, although both 
SPECT alone and SPECT/CT reduced the false-positive findings on planar imaging 
in the same manner (from 8 to 2), SPECT/CT reduced the false negative findings on 
planar imaging from 9 to 3 (compared with 9 to 5 for SPECT alone). In particular, in 
6 cases SPECT/CT correctly identified 111In-Biotin accumulation as due to 
physiologic uptake/excretion sites (that had been mistaken as infectious foci by 
planar imaging) and in 3 cases planar imaging failed to detect abnormal uptake due 
to infection because of small size of the infection within the affected vertebral body 
(located anteriorly). Overall there were 18 discordant findings between planar and 
SPECT/CT imaging, mainly concerning the site and extension of the infectious foci. 
In all these patients, bone involvement was evident already in the planar images, but 
SPECT/TC identified as separate entities the following conditions: sole bone 
involvement (n=1), sole soft tissue involvement (n=3), and the concomitant infection 
both bone and soft tissues (n=14). Identifying the true site of infection in the 
vertebral and/or paravertebral region is a crucial factor for selecting the therapeutic 
strategy most appropriate according to the actual extension of infection. In fact, 
drainage of the abscess is performed and specific antibiotics are used if infection is 
limited to the paravertebral soft tissues, while other antibiotics are reserved when 
bone infection is present [36]. Although the specific antibiotic is selected on the 
basis of  resistance testing, different classes of antibiotics are usually employed 
according to the site of infection [37]. It should also be noted that early and correct 
localization of infection is important for prognostic purposes, as the infection limnited 
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to the para-vertebral soft tissue only has better outcome than true bone infection 
[37,38]. 
Finally, although SPECT and SPECT/CT showed concordant true positive results in 
41 patients, in 18 of such cases the two imaging modalities defined however 
different burdens of infection (bone and/or soft tissue infection correctly identified by 
SPECT/CT versus bone infection only identified by SPECT). Furthermore, 
SPECT/CT corrected two false-negative SPECT scans, in which a small amount of 
activity, found in the anterior region of vertebral body, had been misinterpreted as 
vascular blood pool on the SPECT images alone. In this regard, the contribution of 
hybrid imaging (SPECT/CT) is crucial for correctly identifying the site of uptake of 
111In-Biotin, which does not accumulate in normal bone and/or bone marrow and 
therefore does not provide unequivocally identifiable anatomic landmarks as 
topographic reference. 
In conclusion, the results of the present study demonstrate that 111In-Biotin 
SPECT/CT is an efficient and reproducible imaging modality for the detection of 
vertebral osteomyelitis, able to differentiate bone infection from soft tissues infection. 
111In-Biotin SPECT/CT allows, in particular, to choose the adequate therapy in 
patients with spine infection, as different regimens of antibiotic therapy are employed 
if there is only bone infection, or combined bone and soft tissues involvement, or 
infection of soft tissues only. Finally, 111In-Biotin SPECT/CT can also provide 
prognostic information, as each of the three different clinical settings mentioned 
above is characterized by varying clinical outcomes. The procedure is safe, easy to 
perform and does not entail long-time acquisition.  
Since local uptake of 111In-Biotin is most likely due to the presence of bacteria with 
high proliferative rate, this scintigraphic approach might find an important role in the 
diagnosis of spine infections. Furthermore, it might be of extreme usefulness during 
the follow-up of antibiotic therapy.  
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Abstract  Bone infections represent a diagnostic or therapeutic challenge for the 
infectivologist, orthopaedic surgeon, radiologist and nuclear medicine physician. 
Staphylococcus aureus is the major bacterium responsible for bone infections 
although Mycobacterium tuberculosis is emerging as an infectious agent in Italy 
because of immigration from Africa and Asia. Osteomyelitis requires long and 
expensive antibiotic treatment, including rifampicin administered parenterally for 
several weeks and the use of antimicrobial-impregnated cement in prosthesis 
substitution. Sometimes it is necessary to carry out surgical debridement of a 
necrotic bone or the consolidation of compromised bones and joint prosthesis 
implants. Radiographs and bone cultures are mainstays for the diagnosis of bone 
infections but are often useless in the lengthy management of these patients. 
Diagnosis of skeletal infections still includes conventional radiography but magnetic 
resonance imaging is essential in haematogenous and spinal infections. Bone scans 
are still useful in acute osteomyelitis whereas scintigraphy using labelled white blood 
cells is preferred in infections of peripheral bone segments or joint prosthesis. In the 
axial skeleton a combination of an agent for detecting inflammation (67Ga citrate) 
and a metabolic agent (99mTc-methylene diphosphonate) enables an infection and 
an area of increased metabolic activity to be distinguished. [18F]Fluorodeoxyglucose 
positron emission tomography, where available, has a significant impact in the study 
of infections using radionuclides: high-resolution tomographic images represent an 
effective alternative to gallium in the assessment of inflammation of spine lesions but 
a comparison with morphological examinations (computed tomography or magnetic 
resonance imaging) is essential.  
 
Keywords: osteomyelitis, spondylodiskitis, prosthesis-related infections, radionuclide 
imaging, antibiotics, antitubercolar, arthroplasty, replacement 
 
Introduction 
Bone is normally highly resistant to infection, which can occur after large inoculums, 
trauma or in the presence of metal hardware or in the case of immunocompromised 
hosts. Infection associated with prosthetic joints is typically caused by 
microorganisms growing in bio film into organized communities. Bio film protects 
bacteria from antimicrobial agents and host immune responses. Staphylococcus 
aureus is the major cause of bone infections: microorganisms adhere to bone and to 
devices surgically implanted by expressing bone matrix receptors and a phenotypic 
resistance to antimicrobial treatment [1]. column infections in Italy as a consequence 
of immigration from Africa and Asia. Early and specific treatment of osteomyelitis, 
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before extensive bone destruction or necrosis, produces the best results. The 
identification of the causative microorganisms is essential for specific antibiotic 
treatment but evidence from swabs of ulcers or fistulae is often misleading. 
Infections of joint prostheses, where bio film microorganisms are involved, should be 
treated with a combination of antibiotics, which must include rifampicin. Surgery is 
usually unnecessary in acute haematogenous osteomyelitis and in diskitis but a 
combined antimicrobial and surgical approach should be common after injury with 
an open fracture or in infections associated with joint prostheses. Surgical 
treatments include debridement with retention of the prosthesis, or two-stage 
exchange with re implantation of the new prosthesis delayed for a variable period of 
time. The use of antimicrobialimpregnated cement is suggested to correct length 
and allows partial joint mobility. The diagnosis of skeletal infections includes a 
variety of imaging methods, but conventional radiography is still  necessary at 
presentation of acute osteomyelitis. It is of less importance during follow-up or in 
secondary and chronic infections. Ultrasonography and computed tomography (CT) 
are very useful for guiding needle biopsies in closed infections of either soft tissues 
or bones. CT and magnetic resonance imaging (MRI) have excellent resolution and 
can reveal oedema and any periosteal reaction or soft-tissue involvement: MRI is 
the preferred diagnostic imaging method for spinal osteomyelitis, but is not suitable 
for all patients and has certain limitations in the presence of metallic implants [2]. 
Nuclear medicine imaging procedures to evaluate osteomyelitis include three-phase 
bone scans, the use of leukocytes (white blood cells, WBCs) labelled with either 
99mTc-hexamethylpropylene amine oxime (99mTc-HMPAO) or 111In-oxime, and the 
use of 2-[18F]fluoro- 2-deoxy-D-glucose (18F-FDG) positron emission tomography 
(PET) and 67Ga citrate [3–5]. The three-phase bone scan is the test of choice in 
evaluating acute osteomyelitis and doubtful diskitis but the specificity of this method 
falls in secondary osteomyelitis. The finding of increased metabolic activity in 
osteomyelitis is indistinguishable from post-traumatic injury or following surgery or 
cancer. WBCs accumulate at sites of infection and in bone marrow. The combination 
of the 111In-oxime WBC scan with a 99mTc-sulfur colloid bone marrow scan is 
considered the ‘gold standard’ method for the study of infections of hip prostheses 
but can be also helpful in the study of peripheral bone segments. Three-phase 
99mTc-HMPAO WBC scintigraphy is widely used in Italy as a helpful alternative to the 
combined method of WBC/sulfur colloid: a WBC scan is less sensitive for imaging 
those bones where red marrow is present (i.e., the axial skeleton and spine). In 
these cases, by combining 67Ga citrate and bone scintigraphy it is possible to 
distinguish the activity of secondary vertebral osteomyelitis from other causes of 
increased bone metabolism. 18F-FDG PET, where available, has a significant impact 
in the radionuclide study of infections: the high-resolution tomographic images 
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represent an effective alternative to gallium in the assessment of inflammation of 
spinal lesions but a comparison with morphological examinations (CT or MRI) is 
essential.  
The pathophysiology of osteomyelitis 
Osteomyelitis is an inflammatory suppurative process of the bone marrow in which 
both the endosteum and periosteum participate actively whereas the trabeculae and 
Haversian system participate passively with necrosis and osteolysis. Bone is a 
tissue that is resistant to bacterial colonization and, in effect, to cause a bone 
infection, other negative events must occur such as traumas, the presence of foreign 
bodies, prostheses or an inoculation of aggressive bacteria or other bacteria that 
generally have characteristics that inherently favour implants; characteristics of 
adherence, for example [6]. 
Classification of osteomyelitis 
The classification by Waldvogel et al. [7] is rather old, but still topical, and is based 
on the genesis of osteomyelitis (haematogenous or secondary) and on the modality 
of onset. Acute haematogenous osteomyelitis symptoms last no more than 10 days. 
The chronic form is by far the more frequent and includes all the remaining cases 
(Table 1). The classification by Cierny et al. [8] is more recent and relevant as it 
proposes the anatomical and histological subdivision of osteomyelitis (medullary, 
superficial, located or diffused) and introduces the important concept of host 
immunocompetence, which is highly relevant regarding the onset and diffusion of 
infections (Table 2). 
 
 
Table 1  Classification of osteomyelitis according to Waldvogel et al. [7] (modified) 
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Table 2  Classification of osteomyelitis according to Cierry et al. [8] 
 

 
 
 
 
Haematogenous osteomyelitis 
Haematogenous osteomyelitis affects children in 85% of all cases and it often 
originates from unknown primary foci (nasopharynx) via direct inoculation but can 
also be contiguous. The most affected group varies from 2 to 5 years of age and the 
elective location is the lower limbs (femur 27%, tibia 22%). The incidence of 
osteomyelitis is between 1:1000 and 1:20 000 and mortality reached 50% in the pre-
antibiotic era. Nowadays, mortality through osteomyelitis is almost zero. The primary 
focus is not found in 70% of cases and even when present, may be far from clear. It 
can be from a simple boil, an infected ulcer, a urinary tract infection or other soft-
tissue focal infection. In adults, the infection locations are often in the vertebrae. S. 
aureus is the most frequent microorganism but in the 2–3 year age group, 
streptococci such as Haemophilus influenzae can predominate. In haematogenous 
osteomyelitis, Gram-negative microorganisms (Escherichia coli, Klebsiella, 
Salmonella and Proteus) are found, and in some immunocompromised patients 
(e.g., drug addicts) Pseudomonas aeruginosa and, occasionally, Candida 
aspergillus [9,10]. 
Secondary osteomyelitis 
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Secondary osteomyelitis includes post-traumatic osteomyelitis after compound 
fractures involving a mass of bacteria, the nature of which depends on the 
environment in which contamination occurred. Post-operative osteomyelitis partly 
includes the above for open-fracture reduction but also other operations on bones 
such as the cranium, vertebral column and sternum, and for prosthesis implants and 
ozone therapy. 
Contiguous osteomyelitis 
Contiguous osteomyelitis includes, besides the classical diabetic foot, osteomyelitis 
of the heel following unrecognized traumas (puncture and scratch injuries) and 
osteomyelitis of the jaw following radiotherapy for neoplasms of the head and the 
neck. S. aureus is the most frequent microorganism of postsurgical osteomyelitis 
and it is multi-resistant to antibiotics: in Italy, the global incidence of 
methicillinresistant staphylococci exceeds the 50% of the isolated bacteria. 
Nevertheless, the surgical prophylaxis guidelines still foresee the use of cephazolin, 
which is not effective over two of these infections. It should therefore be necessary 
for each hospital to assess its own incidence of methicillin-resistant infections, using 
glycopeptides in surgical prophylaxis only when the incidence of these 
microorganisms exceeds 50%. Hence, the indiscriminate use of teicoplanin and 
vancomycin can be avoided. 
Periprosthetic osteomyelitis 
Periprosthetic osteomyelitis is the new osteomyelitis. Nowadays, the elderly insist on 
more mobility and an ever-increasing number of prostheses are being fitted; at 
present there are more than 600 000 in the USA (Table3). Postoperative infections 
of prosthetic joints have decreased from 5.9% (± 1.8) in the 1970s to 1.2 (± 0.5) 
since 2000 [11]. In Italy, between 45 000 and 50 000 prosthetic hip joints and 
between 9000 and 10 000 knees are fitted each year. Although the incidence of hip 
prosthesis infections in 1999 was approximately 1.5% per year for new implants, this 
incidence tripled in reimplantation cases even if the re-implant was not required for a 
previous infection of the prosthesis. We can therefore estimate that 10–15 significant 
infections will develop in each 100 prosthetic operations over a 10- year period, 
which is the average life span of a prosthesis. The orthopaedic surgeon’s worst 
enemy is still S. aureus, even if other clinically significant bacteria such as P. 
aeruginosa and S. epidermidis appear [12,13]. The early forms of periprosthetic 
osteomyelitis develop in the first month, while the delayed form arises in the first 
year following surgery and the late form can arise many months or years after the 
initial event. The symptoms are pain, fever, oedema and fistula. Table 4 gives a 
classification of prosthesis infections. In precocious prosthetic hip infections, 
infection tends to set in within a month of surgery and stems from bacterial activity 
during surgery, or in the immediate postoperative period, around the operation site, 
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then develops in the periprosthetic soft tissues with little involvement of the bone 
prosthesis interface. This means that the infection is located within the surgical 
access area and to identify it we can use a method that thoroughly studies soft 
tissues. If diagnosed early, these infections have a good prognosis and save the use 
of another implant. In delayed or late infections that have occurred from 2 to 15 
months after an operation, the rejection of, or reaction to, a foreign body (the 
prosthesis) can offer an excellent point of attack for bacteria that lodge in the body. 
During the course of 1 day, there can be episodes of bacteraemia in the blood which 
are easily overcome by healthy subjects. In patients with prosthesis, however, if the 
bacteraemia is severe, perhaps because the patient has a dental abscess or a 
chronic urinary tract infection, osteomyelitis develops on the prosthesis. This is also 
due to the presence of a reactive phenomenon to the use of polyethylene in 
prostheses. This results in a subsequent reaction with the appearance of 
periprosthetic osteolysis or of less vascularized centres and the possible occurrence 
of circulating bacterial colonies. In this infection, the seat is typically the 
prosthesis/bone interface, with the soft tissue involved secondarily. In this case, the 
diagnostic approach must be to use a method that allows this to be carefully studied. 
Prognosis in these cases is rather poor and the nuclear physician and radiologist 
must therefore be fully aware of the patient’s clinical background and have all the 
relevant laboratory data [14–16]. 
 
 
 
 
Table 3.  Incidence of device-associated infections in the United States 
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Table 4.  Classification of prosthesis infections 
 

 
 
Infections of the vertebral column 
Infections of the vertebral column are haematogenous infections but primarily strike 
adults over 50 years of age. Drug addicts are an exception and are particularly 
exposed to infections of the vertebral column just like diabetics and dialysis patients. 
The infections present as spondylitis or vertebral osteomyelitis, diskitis and 
secondary diskitis where the infection shows an effect either by itself or in 
association with adjacent vertebrae and intervertebral disks. Diskitis is a specific or 
non-specific bacterial infectious process (very occasionally mycotic) of two or more 
adjoining vertebrae and of the respective intervertebral disk. The infection 
sometimes spreads to the surrounding soft tissue. Backwards extension of the 
infection can result in an epidural or subdural abscess or in meningitis, whereas 
forward and/or lateral extension can result in para vertebral, retropharyngeal, 
mediastinal or retroperitoneal abscesses [6,17,18]. Infections of the vertebral column 
can be divided into spontaneous and iatrogenic forms, these last due to invasive 
manoeuvres or to surgical interventions. The spontaneous forms, which are 
supported by an arterial haematogenous dissemination in almost all cases, are 
unspecific bacterial or mycotic and they represent the 2– 4% of all vertebral 
osteomyelitis. The source of infection can be presented both from venous 
inoculation and from different kinds of sources (e.g., genitourinary apparatus, 
cutaneous or subcutaneous, respiratory, dental) or from vascular devices. In 24–
37% of cases, the source of infection remains unknown. The most susceptible 
vertebrae are the lumbar (45%), followed by the dorsal, above all the inferior, (35%) 
and the cervical (20%). A greater incidence of the cervical forms has been noticed 
among the drug addicts. S. aureus is the most frequently isolated agent (55–85% of 
cases), followed by coagulasenegative staphylococci, enterobacterias (Salmonella 
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spp, E. coli, Klebsiella spp, Serratia spp), P. aeruginosa (frequent among drug 
addicts) and Candida (among drug addicts and in infections of vascular devices) 
[19,20]. 
Spontaneous specific diskitis 
Spontaneous specific diskitis is represented by vertebral tuberculosis or Pott’s 
disease supported by a haematogenous dissemination originating from the lung or 
from other lymph nodes or from genitourinary infections, often within disseminated 
tuberculosis. Vertebral infections are increasing, especially among immigrants from 
Romania, India, Sri Lanka and Africa, as well as in patients over 80 years of age 
who have compromised immune systems. The tubercular infection begins from the 
anterior part of the vertebral body and usually involves the subcondral region, 
spreading then to the cortical region and to the adjacent disk. It can result in 
vertebral abscesses involving the ileopsoas muscles. The classic symptomatology of 
spontaneous specific diskitis is represented by ‘back pain’ with accentuation of the 
painful symptomatology in the passage from the clino to the orthostatic position and 
from the seated to the erect position. Because of the insidious symptomatology, 
whose progress can last weeks or months, the moment of the diagnosis it is often 
delayed (it may be between 3 weeks and 3 months). The fever, usually around 
37.51C, is present in 50% of patients. Laboratory data show a modest leukocytosis 
in 50% of subjects while erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) are usually increased [19,21]. 
Iatrogenic diskitis 
Iatrogenic diskitis follows direct inoculation of microorganisms after spinal 
anaesthesia, chemonucleolysis and local infiltrations with analgesic purpose. Above 
all, it follows surgical interventions for slipped disk, spondylolysis and 
spondylolisthesis. Also, in such cases, staphylococci play the principal aetiological 
role, with the prevalence of coagulase-negative strains. The painful 
symptomatology, similar to that in spontaneous diskitis, involves the site of the 
intervention and can sometimes be associated with subcutaneous infections 
noticeable during physical examination. The onset of the painful symptomatology 
can vary from a few days to 2–3 months from the invasive or surgical manoeuvre. 
The fever is not constant, while an increase of ESR and CRP is typical, with or 
without variations in granulocytes [22]. 
Assessment of the disease 
Symptoms of osteomyelitis 
The symptoms of osteomyelitis are variable: in the typical form, fever, pain, motor 
limitations and local inflammation or septicaemia, are found, as is usual among 
infectious diseases. A bone infection leads to tissue destruction, which can result in 
the functional loss of the involved bone and the surrounding soft tissues [23]. 
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Results of laboratory tests (CRP, ESR, neutrophilia) are used in the diagnosis of the 
infection, but a precise diagnosis and effective therapy cannot be formulated unless 
the microorganism is isolated and the culture examined [6,7,17,18]. Onset of 
infection is variable: a thick inoculation of virulent bacteria generates an acute 
infection but a thick contamination in a guest immunocompetent patient produces a 
faint infection. In these cases, the appearance is delayed, even after years: there 
are often fewer virulent bacteria but with adhesive abilities. A third possibility is that 
there is a low intra-operating contamination, with low virulence of the organism, and 
it can be easy to maintain under controlled conditions. Possibly, it also exists in a 
haematogenous manner, it is not frequent and is a consequence of oral, endoscopic 
or urinary surgical interventions. The infection should be prevented by effective 
antibiotic prophylaxis before the intervention. 
Radiological investigation 
In the initial phases of the haematogenous osteomyelitis, we find a medullar 
inflammation characterized by the hyperaemia, the oedema, the leukocytes 
infiltration and the purulent transformation. In this phase the radiological diagnosis is 
limited because there are no definite signs of infection in the first 2 weeks after 
onset. There are some specific signs such as soft-tissue oedema and the 
disappearance of the fascial levels, which are easily found by nuclear medicine 
techniques and MRI [24,25]. The abscess of Brodie is a unique focal infection, with 
chronic evolution, generally located at the proximal metaphysis of the tibia or femur. 
X-rays show an oval osteolytic area that is better seen by MRI with spin-echo T2-
weighted sequences and a heterogeneous signal hyperintensity. The stir sequences 
of the MRI provoke the suppression of the fat, and they confirm the presence of 
oedema and the involvement of the soft tissues [26,27]. The infection can spread to 
the cortical with lifting of the periosteum and interruption of the vascular support. X-
ray examination shows osteopenia and a worm-hole aspect of the bone with a 
meaningful re-absorption up to the osteolysis. The consequence is bone death, 
which can lead to alterations such as swelling of the surrounding skeletal soft 
tissues, periosteitis, endosteitis and the disappearance of the medullar canal up to 
the lamellar osteonecrosis and thickened bone. In the following phase, sequestration 
with clear demarcation of necrotic bone from healthy bone can be seen; this is due 
to the phenomenon of osteoclastic demolition. After the sequestrum, a chronic 
process is followed with the overproduction of bone and therefore a demarcation 
from the surrounding bone. Conventional X-rays show osteolytic areas of infection 
delimited by a diffusely and heterogeneously thickened bone. The MRI spin-echo 
T1-weighted sequences demonstrate sequestration of  bone and the activity of the 
infection. If a patient receives gadolinium, the MRI shows hyperaemia, definite 
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expression of the process activity [28–30]. The CT shows very well the partly 
corpuscular swelling of the soft tissues around bones and joints. 
Radionuclide imaging 
Radionuclide imaging is usually employed after the radiological investigations, in the 
diagnosis of haematogenous osteomyelitis and of soft-tissue infections. The three-
phase bone scan with 99mTc-disphosphonates shows an increase of bone 
perfusion and of the surrounding soft tissues in the dynamic and blood pool images. 
In delayed images bone uptake appears blurred in the boundaries of healthy bone, 
and can easily be distinguished from cellulites in which the involvement also 
includes soft tissues. However, the efficacy of a three-phase bone scan decreases 
in follow-up or after antibiotic or surgical treatment because the modifications of 
bone metabolism, and the normalization of scintigraphic images, are very slow. An 
increased uptake of labelled diphosphonates can persist for months or years after 
recovery of a bone fracture or after osteomyelitis. In paediatric patients the water 
content and perfusion supply of bone are increased in comparison with adults. So, 
septic bone necrosis is not rare and can result in cold areas on methylene 
diphosphonate bone scintigraphy (Fig. 1). Haematogenous osteomyelitis can involve 
more bones, which is the reason why a whole body bone scan is essential in these 
cases. The diagnosis of bone infections becomes difficult in cases of recently 
implanted prostheses, in delays of consolidation of exposed fractures and after 
repeated surgical or therapeutic interventions. The principal problem in osteomyelitis 
remains the search for infections in a bone with altered structure caused by re-
absorption or new apposition processes where there is a loss of specificity of bone 
scintigraphy, CT and MRI. Radiological methods are also limited by the presence of 
synthesis materials or by implants or prostheses that provoke important artefacts in 
both CT and MRI scans. In these contexts the most reliable investigation for 
verifying the presence of bone infection remains scintigraphy with labelled 
leucocytes In this technique, either WBCs or pure granulocytes labelled with either 
111In-oxime or 99mTc-HMPAO can be used: the choice of cell or radiolabel is not 
critical. The most important factor influencing the accuracy of this examination is the 
time required to follow the diapedesis of the granulocytes, prolonging the 
examination to at least 24 h. In this way it is possible to observe labelled 
granulocytes migrating from the blood to the soft tissues and concentrating around 
the prostheses, in the cavities, in fistulas, and, sometimes, in the regional lymph 
nodes [4,7,16–18]. Moreover, the scintigraphic accuracy of labelled leucocytes is 
modified by the presence of the red marrow in bones involved in osteomyelitis. In 
haematogenous osteomyelitis of the axial skeleton or of the proximal appendicular 
skeleton 30–75% of cold areas are found with WBC scintigraphy. These are areas 
where there is zero or very low blood flow and are the equivalent of sequestered 
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bone on X-ray examinations. In these cases scintigraphy with leucocytes (or even 
monoclonal antibodies) labelled in vitro, is useless in assessing the activity of 
inflammation because cold areas can persist indefinitely, maintaining this situation 
for years. In young patients the bone marrow is extended in all the skeleton 
segments up to the distal appendicular ones. Therefore, in paediatric age groups we 
have, more or less, the same limitations in the use of labelled WBCs that we have in 
the axial skeleton of adults and labelled WBCs in vitro (or monoclonal antibodies) 
are often useless. Unspecific radiopharmaceuticals for detecting inflammation, such 
as 67Ga or 18F-FDG, with an uptake proportional to the vascular permeability or to 
metabolic activity, should be preferred in secondary bone infections of axial 
skeleton. In these cases the scintigraphy is ordered only for assessing whether the 
infection is still active or not after therapeutic approaches (e.g., surgery, antibiotics). 

 

 
Fig. 1  Bone scan in a right foot osteomyelitis in a 6-year-old child. The cold area 
corresponding to the navicolar bone of the right foot is expressing septic necrosis 

 

Prosthetic joints 
Orthopaedic surgeons and clinicians must identify the position and extent of 
infection when dealing with prosthetic joints. Furthermore, they have to provide 
accurate information on the prosthesis, taking into account patient history, the 
clinical possibility of infection, X-ray images, and laboratory data. Most importantly, 
they must identify the kind of prosthesis with which they are working. Cemented 
prostheses are custom-made because the cement hardens within 20 min and gives 
immediate mechanical stability to the prosthesis. However, as the cement hardens it 
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produces an exothermic reaction, which may bring about an endosteal necrosis that 
affects vascular flow in the bone–cement interface. The polyethylene waste product 
that builds up over time because of wear and tear of the cotyloid cavity may lead to 
osteolysis near the cement of the prosthesis showing a characteristic accumulation 
of labelled diphosphonate. Non-cemented prostheses, on the other hand, inevitably 
bring about a reshaping of adjacent tissues that may either erode the bone or cause 
new bony deposits. This reshaping depends on the material used in the prosthesis, 
on its design, its primary anchoring, and on whether the prosthesis is coated with 
osteo-inductive materials. Chrome–cobalt molybdenum alloys, once commonly 
used, are very rigid, and produce significant reshaping of the bone, which induces a 
considerable necrosis in bone tissue due to the accumulation of deposits of both 
bone and metal. For this reason, titanium alloys are now being used, as they are 
less rigid and produce fewer deposits and less bone necrosis [31]. Design and 
primary anchoring are equally important. The so-called distal press-fit involves long 
prostheses while proximal press-fit and distal filling have completely different osteo-
metabolic characteristics. Another key factor is the potential presence of an osteo-
inductive coating. The purity and porosity of this coating have an impact on the 
extent of reshaping that takes place around the prosthesis, and consequently on the 
degree of diphosphonate uptake at bone  scintigraphy. Traditional X-ray reveals 
specific details of the bone–prosthesis interface but it is of little help if the infection is 
in soft tissue. Characteristic signs are small and unclear, and conventional X-rays 
often give negative results. In soft-tissue infection, ultrasonography will provide 
highly detailed information; for example, in identifying whether an abscess is relative 
to vascular and nerve bundles. This is essential to plan access, intervention and 
debridement. If this infection is extensive, it can spread to the abdomen or the 
pelvis. The limits of the technique are that, in the early phase, it fails to distinguish 
post-surgical haematoma from septic haematoma, which may affect soft tissues 
[32]. CT and MRI are excellent techniques but, when dealing with infections near 
prostheses, lose some of their effectiveness because the quality of the resulting 
images is severely affected by the presence of the metal hardware. CT can provide 
information about the movement of the prosthesis, but fails to distinguish between 
mechanical and infectious loosening. However, CT can play a role if used with WBC 
scintigraphy, which allows a morphological examination of their location and 
accumulation. Likewise, CT–PET can reveal the morphology of 18F-FDG 
accumulation. By using CT, the surgeon can obtain important information on the 
extent to which an infection has spread through muscular tissues, while CT 
fistulography is useful if abdominal tissue is involved. CT allows the biopsy to be 
guided to the location of infection and an antibiogram, which is essential for curing 
the infection with specific antibiotics, to be obtained. With infections in hip 
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prostheses, a three-phase bone scan shows an increase in early perfusion and a 
delayed metabolic accumulation of diphosphonate all around the prosthesis, 
marking out its contour. The specificity of bone scintigraphy in hip prostheses ranges 
from 50 to 70% according to case specific circumstances [33] because the bone 
scan signal requires months if not years before returning to normality even if the 
clinical problem has been resolved. In the case of simple instability, on the other 
hand, there is no early increase in perfusion while the delayed accumulation of 
diphosphonate is typically concentrated in the load-bearing points at the top of the 
acetabulum, in the minor and major trochanter and at the top of the prosthesis stem. 
A three-phase bone scan has a sensitivity of about 85% in hip prostheses infection 
[34]. In knee prostheses, the role of three-phase bone scintigraphy is less definite 
and it is more difficult to differentiate a case of movement from a case of infection 
[35]. Scintigraphy with WBCs or granulocytes labelled with 111In-oxime [36] or with 
99mTc-HMPAO [37] is the most accurate method for studying bone infections. 
Leukocytes accumulate by diapedesis in musculoskeletal infections, attracted by 
chemotaxis, thus the type of white-cell accumulation changes over time. Successive 
scintigraphies will reveal these movements and migration of labelled cells within the 
tissues leads to a progressive concentration in the fistula or spaces near the 
prostheses, in joints, and sometimes in local lymph nodes (Fig. 2). White-cell 
distribution in the body, however, sharply limits clinical use of WBC scintigraphy. For 
example, the study of infections of the dorsolumbar area and of the lower ribs is 
difficult because labelled white cells tend to concentrate in the liver and spleen with 
higher resulting activity of the overlapping abdominal and thoracic wall. Furthermore, 
in 30–75% of cases of infection in the axial skeleton and nearby areas, cold areas 
are observed with WBC scintigraphy linked to the low flow of cells within the 
inflamed bone tissue [38,39]. This is equivalent to radiological sequestra, which 
increase with the duration of the infection, and with repeated antibiotic treatment. In 
the same way, granulomatous chronic infections (i.e., tubercular osteomyelitis, or 
mycosis) are characterized by a low percentage of granulocytes and are hardly 
revealed using labelled WBCs or pure granulocytes [40,41]. Antibiotics and 
immunosuppressants can reduce the accumulation of white cells because these 
drugs reduce the diapedesis of granulocytes by reducing the concentration of 
cytokines in tissues. Their inhibitory action is proportional to the duration and 
efficacy of antibiotic therapy as well as to the bacterial population causing the 
infection. Pyogenics, such as S. aureus, bring about the highest white-cell 
accumulation but the intensity of uptake is also more susceptible to the antibiotic 
effect. Patients suffering from acute infections should not suspend antibiotic 
treatment, however, as this would worsen their clinical state. In these cases, 
scintigraphy should be carried out as soon as possible after the onset of symptoms. 
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In patients with chronic infection or undergoing long-term antibiotic treatment, 
scintigraphy should be delayed until at least 2 weeks after the end of therapy. In this 
way, it is possible to determine accurately whether therapy has been successful or if 
the infective foci remain. In adults with prosthetic joints and post-traumatic 
infections, surgical intervention may bring about a peripheral displacement of the 
bone marrow towards surrounding spaces, which may then be mistakenly 
interpreted as septic. To avoid this inconvenience, Palestro et al. [42] suggested 
comparing 111In-leukocyte scintigraphy with a bone marrow scan (with 99mTc-sulfur 
colloids). The discrepancy between the two scintigraphic images (leukocytes greater 
than colloids) very accurately identifies the presence of infection. As an alternative, 
repeating scintigraphic observations at 1, 4 and 20 h after the re-injection of cells 
makes it possible to distinguish the invariant accumulation with time (that is, bone 
marrow) from progressively rising accumulation in osteomyelitis. Comparing the 
three images, it may be possible to follow the path taken by the white-cell diapedesis 
from the location of the infection to the fistulas or other periprosthesis spaces [43]. 
The two methods have equivalent sensitivity at around 95% for peripheral bone 
tissue with a specificity of 97% [44]. The same figures are lower for axial skeleton 
and in chronic infections [45]. 

 
Fig. 2  Infection of a left-hip prosthesis. Three-phase 99mTc-HMPAO white blood cell (WBC) 
scintigraphy shows increased activity of labelled WBCs in soft tissues of the left thight in the 
first images (1 h after i.v. injection), which significantly increases in the images after 4 and 10 
h. The path to the hip prosthesis is also well demonstrated. 
Management of patients with osteomyelitis 
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A multidisciplinary and structured approach to the management of bone infections is 
important. Antibiotic therapy must rest on the identification of the pathogen. This 
allows an accurate antibiogram, which will pinpoint the group of antibiotics to be 
used in the treatment. Among these, we are then able to choose the antibiotic that 
can best penetrate bone tissue and which has low toxicity. Staphylococcus is enemy 
number one. Rifampicin, macrolides and teicoplanin have excellent diffusion profiles, 
thus whenever possible this group of antibiotics should be favoured. On the other 
hand, we know that teicoplanin has a good degree of coverage for 
methicillinresistant S. aureus and of vancomycin-resistant Enteroccoccus, although 
vancomycin is associated with a higher risk of relapse when compared to 
teicoplanin. As for quinolones, the paired quinolone–rifampicin has an excellent 
pharmacokinetic profile and therefore can be a useful combination in treating some 
forms of staphylococci [46,47]. 
Aetiological therapy 
Aetiological therapy cannot do without rifampicin, which has an optimal intercellular 
concentration, a very good sensitivity profile for methicillin-resistant staphylococci 
and when used with teicoplanin offers significant clinical advantages that have been 
demonstrated both in the laboratory and in practice [48]. Among new drugs, linezolid 
inhibits bacterial protein synthesis and is very effective on methicillin-resistant 
staphylococci and on vancomycin-resistant Enteroccoccus. Linezolid is also easily 
absorbed which is a great advantage when associated with 100% bioavailability and 
has excellent bone penetration. For the time being, however, there are no agreed 
protocols for the use of this antibiotic in osteomyelitis [49,50]. Quinupristin–
dalfopristin is sometimes used. This antibiotic also blocks protein synthesis, spreads 
easily amongst macrophages, and has a good tissue distribution. However, its use 
in osteomyelitis is advisable only in particularly selected cases [51,52]. 
Empirical therapy 
Empirical therapy has to be resorted to when it is impossible to isolate the root of the 
infection. In this case local epidemiological factors must be taken into account, 
together with determining whether the infection has been contracted in hospital or 
elsewhere. Infections contracted outside hospitals are usually from 
methicillinsensitive staphylococci, and are frequently polymicrobic infections with the 
presence of Gram-negative bacteria. In these cases, the clinician should start with 
an amino penicillin associated with a beta-lactamase inhibitor, on the following 
antimicrobial associations: rifampicin + quinolone, oxacillin or teicoplanin or 
clyndamicin + ceftriaxon or cefepime or quinolone [53]. Hospitalcontracted 
infections, on the other hand, have a high probability of being derived from 
methicillin-resistant staphylococci, which should be dealt with through a 
glycopeptide, particularly teicoplanin, together with rifampicin, possibly associated 
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with antibiotics active on Gram-negatives [14,54]. The antibiotics should preferably 
be administered parenterally for several weeks. This raises the problems of cost, 
patient cooperation, and morbidity. Most patients will have to remain in hospital 
because it is not always possible to identify an antibiotic that can be administered 
parenterally at home, given that dosages are seldom intended for individual home 
use. Oral therapy has been considered but we do not yet have enough data. For the 
time being, oral therapy is indicated only in children. Furthermore, oral therapy can 
only be used with patients whose compliance is certain. Treatment duration is not 
standardized at present. In any event, it must be based on the type of infection. For 
instance, haematogenous infections must be dealt with by determining whether 
bone sequestration is occurring and whether debridement is necessary. Depending 
on the specific case, therapy for 4–6 weeks may be enough or it may prove 
necessary to increase it to 6 weeks or longer [55,56]. Often osteomyelitis fails to 
improve because bacteria have the ability to resist to antibiotics. S. epidermidis 
sticks to the prosthesis and is enclosed in the bio film: a polymeric matrix acts as a 
protective mantle to impede phagocytosis and the delivery of the antibiotic [57,58]. 
The reduced growth of bio film bacteria is responsible for their resistance to many 
antibiotics that are only active in this phase. Rifampicin acts on the bio film and must 
therefore always be used with other antibiotics when a prosthesis infection is 
present. Failure to use rifampicin within a month or a few weeks of treatment will 
allow infection to start again. 
Treatment of prosthesis infections 
Antibiograms in prosthesis infections should be performed, mixing the materials that 
replicate the impact of the prosthesis itself. For example, ofloxacin affects the Gram-
positives of a fluid culture but adding some polystyrene beads to the broth better 
simulates real conditions. In this case, antibiograms change completely and bio film 
producing bacteria develop. It follows that the duration of the antibiotic treatment is 
not standardized. It has to be defined according to infection type: in haematogenous 
infection, it is necessary to check for bone sequestration. If debridement is called for, 
therapy for 4–6 weeks can be enough or it may prove necessary to prolong therapy 
for 6 weeks or more [19]. The causes of pain in hip prostheses can be mechanical or 
‘biological’. Mechanical causes are load bearing, excessive periprosthesis re-
absorption, possible sinking following the original placement, fractures (macro or 
micro) in the femur near or under the prosthesis. Biological causes are reactions to 
polyethylene deposits (in cases of antiseptic movements) and infection (in the case 
of septic movement). In cases of infection, a two-stage intervention must be 
accompanied by medical therapy of up to 6 weeks, comprising collecting biotic 
samples and examining cultures in the removal stage and resorting to antibiograms 
to fine-tune the antibiotic. In the case of prosthesis infection, different surgical 
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interventions are possible: from simple debridement, to one-stage or two-stage 
intervention, to outright removal. Different interventions will, of course, demand 
different therapies. In one-stage interventions, antibiotic therapy must be particularly 
long, at least 4 weeks before the intervention and up to 16 weeks afterwards. Note 
that, especially in this type of intervention, resorting to empirical therapy will be 
simpler than the more rigorous aetiological approach. Therapies lasting less than 4 
weeks have been shown to carry a high risk of re-infection; thus, they should be 
continued for at least 6 weeks. While it is difficult to be certain that the bone has 
healed, combining clinical, radiological and biochemical, information (such as 
carefully monitored CRP follow-up) can definitely be of assistance. As for CRP data, 
it is well to keep in mind that recurrent inflammation episodes may over-ride all other 
considerations. 
Use of antibiotic-loaded acrylic cement 
In 1970, Buchholz and Engelbrecht [59] introduced antibiotic-loaded acrylic cement 
to the treatment of prosthesis infections, a technique that has since been used 
frequently. Simply put, its advantages are higher concentrations of antibiotic in the 
soft tissues and in the bone than would be possible by alternative delivery methods, 
low serum concentration and, consequently, lower toxicity. In our opinion, the 
technique has benefited from the well-known suggestion, in 1988, by Wilde and 
Ruth [60] of a space block and multiple stage treatment. The space block has a 
double advantage: mechanical and biological. The first is in preventing joint head 
fusion, while maintaining the correct length of muscular structures and reducing 
post-surgery blood pooling. The second is in assisting the disinfection of localized 
septic points and maintaining high local concentrations of antibiotic. In addition, the 
two-stage technique allows for a repeat of surgical cleaning and the use of un-
anchored prostheses. The most important problem remains the choice of dosage of 
the antibiotic associated with the cement. Bactericidal tests performed on various 
stocks of pathogenic agents have shown the absolute ineffectiveness of some 
antibiotics. Our conclusion is that for S. aureus and S. epidermidis and 
Pseudomonas, the most effective bactericide was a combination of vancomycin and 
imipenem cilastatin, most likely because their actions were mutually reinforced to the 
greater porosity of the cement, which leads to a greater release of the antibiotic. 
Furthermore, two-stage procedures offer better control of the infection because they 
give the opportunity of introducing a prosthesis without cement, while the onstage 
intervention forces the use of a cemented prosthesis [61,62]. This treatment requires 
cooperation between epidemiologists, microbiologists and nuclear physicians. Its 
high cost may discourage hospital administrations and private nursing homes, 
however [63]. 
Diagnosis of patients with suspected osteomyelitis 
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Clinical examination of the patient always allows the detection of functional 
impairment and laboratory tests can provide bone infection data. Conventional X-ray 
is the first imaging procedure in the diagnostic flow chart of osteomyelitis: if the 
results are positive, this is sufficient to begin the appropriate therapy. 
Haematogenous osteomyelitis 
In haematogenous osteomyelitis, a three-phase bone scan can provide a result 
within 24-48 h after the onset of osteomyelitis symptoms and can be used very 
profitably in radiologically negative cases or for whole-body studies because 
haematogenous osteomyelitis is often multifocal. In children and adolescents, pain is 
the main symptom of osteomyelitis, accompanied by other joint diseases such as 
arthritis, aseptic necrosis or epiphysiolysis of the hip, which can be quickly identified 
and distinguished from osteomyelitis by using bone scintigraphy. Finding cold areas 
on the scintigraphic image of a septic necrosis that complicates haematogenous 
osteomyelitis is more common in children due to their higher bone water content 
[64]. The interpretation of conventional radiological results becomes complicated 
where there are prosthetic joints and secondary or post-traumatic osteomyelitis, or 
where there has been bone re-modelling, previous operations and the presence of 
synthesis materials or metal support devices. Nevertheless, such tests are carried 
out to assess the bone condition. If there are any doubts about the Xray results, CT 
and MRI provide a more detailed morphological study and offer the orthopaedic 
surgeon a guide regarding surgical drainage of abscesses or the debridement of 
necrotic bone. The presence of synthesis materials, however, hinders or limits the 
detection of persistent infection by CT or MRI imaging. In these cases, where a 
surgical approach is difficult, it is necessary to establish whether the secondary 
osteomyelitis is truly cured or whether it is merely present following consolidation 
surgery. Scintigraphy with WBCs, in association with the appropriate suspension of 
antibiotic therapy, is the most accurate way of determining the persistence of an 
infection [65]. 
Post-traumatic infections 
In our experience, post-traumatic infections are studied with laboratory tests and 
conventional radiography. If the results of these tests all suggest infection, medical 
therapy is initiated, guided by a culture test and an antibiogram and possibly by 
pulsed magnetic therapy especially in the presence of late consolidation or a 
pseudoarthrosis (Fig. 3). An alternative is to begin antibiotic medication followed by 
surgery, a clinical follow-up, radiography and scintigraphy with radiolabelled 
leucocytes to assess recovery. If the conventional radiography produces doubtful or 
negative results, and there are positive clinical and laboratory indications of 
inflammation, we carry out scintigraphy with radiolabelled leucocytes, which may 
give positive, doubtful or negative results. If positive, the next step is to prescribe 
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antibiotic therapy for 2–4 months and pulsed magnetic therapy or surgery. In the 
event of a doubtful positive result with scintigraphy, antibiotics are prescribed along 
with magnetic field therapy and a subsequent clinical and radiological follow-up after 
4 weeks. This is followed by scintigraphy with labelled leucocytes after 2 weeks of 
suspension of the antibiotic therapy. If the results of WBC scintigraphy are negative, 
the antibiotics can be restarted to consolidate the results and the clinical and 
radiological follow-up can take place after 4weeks followed by labelled-leucocyte 
scintigraphy at 2 months. 

 

 
 

Fig. 3.  Diagnostic flow chart of peripheral post-traumatic and secondary bone infections 

 

Infections of prosthetic joints 
With infections of prosthetic joints, however, a different approach is required for hip 
and knee. As the knee is closer to the surface and more easily reached it allows a 
quicker arthrocentesis and thus the possibility to obtain a specific diagnosis and 
implement a targeted therapy regime. In these cases, in addition, we need to know 
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the extent of the infection and degree of activity but in the event of a painful 
prosthesis, the first thing to be done is to obtain conventional X-rays and carry out 
laboratory tests (Fig. 4). If the results of these examinations are negative but the 
prosthesis is still causing pain, we order a three-phase bone scan. If the scan results 
are normal in all three phases, we begin aetiological therapy and observation 
regarding pain and inflammation. If the bone scan results are positive in all three 
phases (perfusion, blood pool and metabolic phase) and there is bone remodelling, 
but the laboratory tests are negative for infection, we institute a regimen of 
medication and physiotherapy along with pulsed magnetic therapy and subsequent 
follow-up with radiography and a three-phase bone scan. On the other hand, if the 
initial laboratory tests (ESR or C-reactive protein) and radiological examinations are 
positive for an infection, we order WBC scintigraphy. If the result of scintigraphy is 
negative for infection, we implement physiotherapy with pulsed magnetic therapy, or 
consider re-implanting the prosthesis, although this is not an easy clinical decision to 
make. If the scintigraphy results are positive, we have the opportunity to conduct 
antibiotic therapy followed by radiography then radiological and labelled leucocytes 
scintigraphic checks (Fig. 5). If the results of WBC scintigraphy are negative, 
physiotherapy is again the option. If the results remain positive, we prefer explanting 
the prosthesis and put in the antibiotic-impregnated cement spacer along with 
systemic administration of antibiotics for 4–6 weeks. Only when the follow-up with 
labelled WBCs has become negative do we proceed with the re-implantation of the 
joint prosthesis. There is a third possibility: that of the doubtful positive of the 
radiographic images and the laboratory tests. In this case, we prefer to carry out 
WBC scintigraphy, which is a better determinant. If this is negative, we return to 
medical therapy and physiotherapy. If it is positive we proceed to antibiotic therapy 
or even removal of the joint prosthesis, depending upon the case. 
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Fig. 4  Diagnostic flow chart of the diagnosis of suspected infection in painful joints prosthesis 

 

 

 
Fig. 5  Example of a woman with infection of a left-knee prosthesis. (a) 99mTc-MDP 
scintigraphy on September 3rd 2002. The blood pool images show an increased perfusion in 
the tissues surrounding the knee prosthesis. The delayed images show that the uptake of 
MDP prevails in the tibial epiphysis and in patella. (b) 99mTc-HMPAO WBC scintigraphy on 
September 18th 2002 shows a significant increase of labelled WBCs both in femur and tibia 
periprosthetic bone, in surrounding soft tissues and in the articular cavity. (c) 99mTc-HMPAO 
WBC scintigraphy check-up on December 5th 2002 after removal of the infected prosthesis, 
implant of antimicrobial-impregnated cement  and 6 weeks of antibiotic therapy. 
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Vertebral osteomyelitis 
In diagnosing vertebral osteomyelitis, a series of haematochemical assessments 
must be carried out, including indices of inflammation, culture tests on biological 
liquids and instrumental examinations, including biopsies. Early diagnosis is the key 
to resolving septic spondylodiskitis as it can prevent the onset of permanent 
neurological deficits and the formation of vertebral deformities. MRI is, without 
doubt, the most important and most sensitive tool and allows the formulation of a 
differential diagnosis with degenerative and metastatic processes as it supplies data 
on the anatomy and the extension of the infectious process in haematogenous 
spondylodiskitis. In the study of post-operative spondylodiskitis, the sensitivity and 
specificity of radiological methods suffer a substantial loss due to the presence of 
scar tissue and/or post-operative reactions. From the diagnostic point of view, 
biopsies are very important examinations in identifying pathogenic agents and can 
be affected by the transpedicular or disk routes or by open surgery. This procedure 
can produce negative results in 30–50% of cases, however, and is therefore not 
particularly useful in diagnosing spondylodiskitis, which in 90% of cases is 
postoperative, with bones that have been altered by non-specific re-modelling and is 
thus difficult to diagnose using radiological methods. In traditional diagnostic 
algorithms (Fig. 6), scintigraphy with 99mTc-hydroxymethylene diphosphonate (99mTc- 
HDP) and 67Ga citrate are often mentioned. Both methods use tracers that 
accumulate in inflamed areas and are highly sensitive. Nowadays, even if this use 
has not been fully referred to in diagnostic algorithms, nuclear medicine makes great 
use of this technique in diagnosing post operative spondylodiskitis. The 
radiopharmaceuticals to be used in a case of suspected spondylodiskitis are, 
amongst those available in all the centres, 99mTc-HDP, 111In- and 99mTc-labelled 
WBCs, immunoscintigraphy with monoclonal antibodies and 67Ga citrate. 
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Fig. 6  Diagnostic flow chart of infective diskitis with conventional nuclear imaging procedures. 

 

Others still in the experimental stage include 111In-biotin and 99mTc-ciprofloxacin (Fig. 
7). In descending order of accuracy of scintigraphic tracers, the data from the study 
of spondylodiskitis is as follows: 18FFDG (90%) (Fig. 8), 67Ga citrate (88.50%), 
antigranulocyte antibodies (88.5%) and labelled WBCs (65.5–80%). The data 
regarding accuracy with experimental markers is 111In-biotin (95.2%) and 
99mTcciprofloxacin (81.5%) [66–72].This demonstrates therefore that the 
radiopharmaceuticals to be used in cases of suspected spondylodiskitis are 99mTc-
HDP and 67Ga citrate, which are available in all the centres, 18F-FDG is available in 
selected centres and 111In-biotin and 99mTc-ciprofloxacin where possible (Fig. 9). 
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Fig 7.  Lumbar diskitis in a 65-year-old woman. 99mTc-MDP, 99mTc-HMPAO WBC 
scintigraphy and 99mTc-Infecton were used in the study. In the upper row the images of the 
lumbar spine are reported as spot views, while in the lower row, the images are the 
corresponding coronal SPECT views for each tracer. There is a typical linear hot spot in the 
space between L5-S1 vertebral bodies in the bone scan images which corresponds to a cold 
area in the WBC scan. The Infecton images show a focal uptake in the spine without 
involvement of soft tissues. 
 
 

   
  
Fig. 8  (a) 99mTc-MDP bone scan and a 67Ga scan of a diskitis of the whole lumbar column 
treated by antibiotics and surgical stabilization of multiple vertebral bodies. In comparison with 
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the normal uptake of the dorsal column increased uptake of 99mTc-MDP and decreased 
uptake of 67Ga by the lumbar spine was found. In our experience such result is unusual. (b) 
Fusion of the lumbar SPECT with 67Ga and 18F-FDG PET of the same patient 2 weeks later. 
Uptake of 18F-FDG in two linear areas located at the second (filled around) and fourth (unfilled 
arrow) intervertebral space of lumbar spine. The uptake of gallium is limited to the fourth 
space. 
 
 
 

 
 
Fig 9 Diagnostic flow chart of infective diskitis with experimental nuclear imaging procedures  

 

Scintigraphy with inflammation tracers must be used as a complementary 
examination to current radiological methods (CT or MRI) where haematogenous 
diskitis is suspected. It may be chosen, however, as the primary investigative tool in 
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cases of suspected post-operative diskitis and its follow-up. Scintigraphy with 
inflammation markers must always be ordered where there is suspected post-
operative diskitis or diskitis of another type, where there are doubtful or negative CT 
and/or MRI results in the event of positive results from a bone scan. In vertebral 
osteomyelitis the use of a specific therapy against the agent demonstrated in 
cultures of blood or in biopsy is preferable. More frequently, the antibiotic treatment 
is empirical and this may be justified in primitive diskitis without tubercular marks or 
in iatrogenic infections in which S. aureus is the most common aetiological agent. If 
there is no clinical improvement or significant reduction of inflammation indices, after 
at least 4–6weeks of therapy against Staphylococcus aureus, it is necessary to 
repeat the antibiogram by a biopsy or by an open surgical incision. The therapeutic 
choice against Staphylococcus will be decided because of its methicillin resistance: 
we use oxacillin if the bacteria are methicillinsensitive or teicoplanin if the bacteria 
are methicillinresistant. The therapeutic treatment generally begins during 
hospitalization with an association of oxacillin–rifampicin or teicoplanin–rifampicin 
administered by intravenous injection for 4–6 weeks or in selected cases with oral 
therapy with linezolid to obtain a regression of clinical signs and normalization of 
laboratory tests. The treatment continues with oral administration of antibiotics, 
including amoxicillin–clavulanic acid, minociclin, moxifloxacin in association with 
rifampicin). The treatment of diskitis by Gram-negative aetiology consists of the 
utilization of protected ureidopenicillin (piperacillin– tazobactam), carbepenems, 
third-generation cephalosporins, aztreonam with aminoglycosides for 4weeks and 
then quinolones. The duration of therapy is based on clinical response, inflammation 
indices and diagnostic imaging. In our experience, we found full recovery from 
disease after 3–18 months of therapy. The diskitis of Candida aetiology is treated 
initially with amphotericin B liposomal or caspofungin i.v. with a switch to oral 
fluconazole or voriconazole for at least 6 months. Tubercular diskitis needs an 
association therapy with isoniazid, rifampicin, pyrazinamide and ethambutol at least 
for 2 months followed by isoniazid and rifampicin for the successive 7 months. 
Conclusions 
Osteomyelitis is an infection with multiple aspects but it is always difficult to treat 
because of the characteristics of the microorganisms involved (adherence to bone 
and prostheses or bio film production). In fact, most bone infections are chronic or 
become chronic with complicationsas sequestra or bone destruction, which can 
require orthopaedic interventions for debridement or consolidation.The management 
of these patients is complicated and needs the cooperation of clinicians, orthopaedic 
specialists, radiologists and nuclear medicine physicians. The objective of the 
diagnosis of bone infections is to identify the agent in order to provide an aetiological 
antibiotic therapy. When this is not possible, it becomes necessary to assess if there 
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is an infection or a simple inflammation or reaction to bone injury. As a start, the 
diagnostic flow charts of osteomyelitis require physical examination, laboratory tests 
and then radiological imaging. Nuclear medicine plays an important role in the 
diagnosis of bone infections. A three phase bone scan is more advanced than other 
imaging modalities in haematogenous osteomyelitis. In the follow up or after surgical 
interventions on bones, the importance of nuclear medicine procedures increases. In 
prosthetic-joint infections or in peripheral fractures radionuclide studies with WBCs 
labelled with either 111In-oxime or 99mTc-HMPAO are the primary imaging modality 
for determining if an infection is present and to differentiate it from a simple 
inflammation or other bone alterations. The tracers available for assessing the 
activity of a  bone infection also include 67Ga and 18F-FDG which are essential in the 
assessment of persistence or activity of a secondary infection of the axial skeleton. 
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Chapter 9 
 
 

Summary 
 
 
This thesis describes the clinical use of a new infection tracer namely 111In-Biotin for 
the diagnosis of vertebral infection. 
Chapter 1  is an overview on vertebral infection and its etiology. In this chapter all 
diagnostic methodologies clinically used, the diagnostic morphological imaging as 
MRI and nuclear medicine inflammation/infection tracers nowadays available (67Ga, 
18F-FDG, labelled leukocytes) are described. Advantages and limits of each modality 
are discussed as well as the researches performed in the last 13 years to obtain an 
infection tracers to overcome limitations of current available methodologies.  
In Chapter 2  the low specificity of labelled antibiotics used for the diagnosis of 
infection in animal models is discussed. Since their mechanism of action none of 
these agents is unable to bound exclusively to bacteria. Thus, their sensitivity and 
the specificity can differ according to type of infection, type of micro-organism, 
infection site and host clinical conditions/response. In this chapter the minimum 
number of bacteria that can be detected in vivo to provide bacterial imaging in 
clinical applications and the calculated number of labelled antibiotic molecules for 
bacteria, are presented. Results suggest that, the majority of radioactivity at site of 
infection is non-specifically bound to bacteria and it is due to presence of plasma 
leakage from capillaries. Moreover, some radiolabelled anti-microbial agents have 
also shown to bind to monocytes and granulocytes.  
Chapter 3 reports the results of a meta-analysis of published papers on bone 
infection. Bone infection is divided into three groups: peripheric post-traumatic and 
prosthetic joint infection, infections of the vertebral column and sternal wound 
infections. In the meta-analysis of peripheric post-traumatic and prosthetic joint 
infection pubblications 89 studies published between 1984 and 2004 have been 
analysed. Thirty papers on infections of the spine published between 1984 and 2004 
have been evaluated and 11 original papers and two reviews (published from 1982 
to 2004) on imaging of sternal wound infections with 67Ga, bone scintigraphy with 
99mTc-MDP, WBCs labelled with 111In oxine or 99mTc-HMPAO and 99mTc-MoAb anti-
granulocyte were evaluated.  
Chapter 4 describes the first study of the avidin/111Indium-biotin approach in 
patients with bone infections. This study was performed in patients with various 
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orthopaedic pathologies (intermediate suspected osteomyelitis of the trunk, 
infection/inflammation of prosthetic joint replacements and suspected osteomyelitis 
of appendicular bones). A comparison between Avidin/111In-biotin scintigraphy and 
99mTc-HMPAO-labelled leukocyte scintigraphy is presented. The diagnostic 
performance of avidin/111Inbiotin scintigraphy in patients with prosthetic joint 
replacements or osteomyelitis of appendicular bones was similar to that of 99mTc-
HMPAO leukocyte scintigraphy, while the avidin/111In-biotin approach clearly 
performed better than 99mTc-HMPAO leukocyte scintigraphy in patients with 
suspected vertebral osteomyelitis. These results demonstrate the feasibility of the 
avidin/111In-biotin approach for imaging sites of infection/inflammation in the clinical 
setting especially in the study of axial skeleton and the advantages in terms of 
practicability and biological risk of this new tracers instead of traditional procedures.  
Streptavidin accumulates at sites of inflammation and infection as a result of 
increased capillary permeability. Beside its role as bacterial growth factor, biotin 
forms a stable and high affinity non-covalent complex with streptavidin. In Chapter 5  
it is decribed the evaluation of the diagnostic performance of the two-step 
streptavidin/111In-biotin imaging in patients with suspected vertebral osteomyelitis. 
Scintigraphic results are compared with radiological imaging (MRI and CT). 
Streptavidin/111In-biotin scintigraphy is highly sensitive and specific for early 
detection of vertebral osteomyelitis and its accuracy is clearly higher than for either 
MRI or CT. Streptavidin/111In-biotin scintigraphy is potentially very useful for guiding 
clinical decisions and appropriate therapy. 
Chapter 6  describes the study of labelled Biotin as a growth factor used by many 
bacteria. This study evaluates the potential of 111In-Biotin scintigraphy to diagnose 
vertebral infections in patients with suspected hematogenous and postsurgical 
infections. The results showed that 111In-Biotin scintigraphy presents high diagnostic 
accuracy. This technique is easy to perform and requires short imaging time-point 
after the intravenous tracer injection. Moreover the relation of 111In-Biotin to bacteria 
proliferation rate of at site of infection is discussed and suggested as issue of further 
investigation. 
Chapter 7  describes and estabilishes the add value of SPECT/CT acquisition of 
111In-biotin scintigraphy for diagnosis of vertebral infection, moreover in 
differentiation between bone and soft paravertebral tissues involvement respect on 
planar and SPECT images. The results of the study showed a sensitivity of 93.8% 
and specificity of 94 % of 111In-biotin SPCT/CT scintigraphy respect on sensitivity 
and specificity of SPECT (90 % and 94 %) and planar images (sensitivity of 83 % 
and specificity of 72 %). 111In-Biotin SPECT/CT improves the diagnostic accuracy in 
comparison to planar images and SPECT acquisition scintigraphy. 111In-Biotin 
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SPECT/CT is able to differentiate between bone and/or soft tissues involvement of 
infection and it is a valid tool before choose a correct therapy in clinical setting.  
Chapter 8  is a clinical update for practical guidelines in osteomyelitis. Bone 
infections represent a diagnostic or therapeutic challenge for the infectivologists, 
orthopaedics, radiologists and nuclear medicine physicians. Radiographs and bone 
cultures are mainstays for the diagnosis of bone infections but are often useless in 
the management of these patients. In diagnosing vertebral osteomyelitis, a series of 
haematochemical assessments must be carried out, including indices of 
inflammation, culture tests on biological liquids and instrumental examinations, 
including biopsies. Here the advices for diagnosis of skeletal infections are 
summarized. 
The advantages and limits of MRI and bone biopsy are also described. Nuclear 
medicine techniques offers for axial skeleton a combination of  an inflammation 
agent (67Ga-citrate) and a metabolic agent (99mTc-MDP) which together enable the 
diagnosis of vertebral infection. 18F-FDG PET, where available, has a significant 
impact for spine infections evaluation because of its high sensitivity, but at cost of a 
unsatisfactory specificity.  
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Chapter 10 
 
 

Conclusions and future perspectives 
 
 
 
Plasma proteins (like transferrin and lactoferrin), white blood cells and hyperglucidic 
methabolism of inflammatory cells represent the target of conventional 
radiopharmaceuticals in nuclear medicine for the diagnosis of vertebral infection. 
 67Ga-citrate is able to bind infact to transferrin, lactoferrin and white blood cells. The 
uptake of gallium in infection site is therefore predominantly aspecific. Gallium 
accumulates in many other conditions, including primary and metastatic neoplasms, 
aseptic inflammation and traumatic foci. Despite the satisfactory results that have 
been obtained with gallium, it should be noted that few data are available on its use 
in postoperative SI. Several investigators have reported increased gallium 
accumulation in normally healing surgical incisions for up to several months after 
surgery.  
Labelled antibiotics in vitro are able to bind to bacteria wall, bacteria DNA and to 
white blood cells but their utilization in vivo seem to lose the specificity for bacteria. 
The data of some studies performed in animal model showed that the uptake of 
labelled antibiotics was predominantly due to aspecific mechanism. 
 18F-FDG is extremely sensitive to evaluate the presence of hyperglucidic 
methabolism but it is not specific for the presence of inflammatory or infective event. 
Inflammatory cells such as neutrophils and activated macrophages, that are present 
in case of acute or chronic inflammation, avidly take up the glucose analogue FDG 
owing to increased glycolytic activity. Moreover, its low physiological bone marrow 
uptake makes FDG an interesting tracer for imaging the spine. Several 
investigations suggest in fact that FDG-PET accurately detects SI. Taking into 
account the published results and our own experience, a negative FDG-PET scan 
can exclude the presence of SI. The specificity of the test is acceptable, although 
caution should be taken in interpreting a positive PET study, particularly in the 
presence of spinal implants. 
None of the tracers described is able to bind exclusively to bacteria.  
Biotin represents a tracer to allow a different approach in detecting bacterial 
infection, it represents a growth factor for bacteria and it seems to possess a true 
specificity for microrganisms detection.  
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In future, as far as in vitro experiments are concerned, we would like to study the 
capability of biotin to recognize different kind of microorganisms. We will also 
evaluate the capability of Biotin to differentiate between bacteria and fungi infection 
or between pyogens and microrganism with a low-rate of proliferation (like Koch 
bacillus) infection. To evaluate the relevance of biotin in the growth of microrganism 
we will test the growth of pyogens, mycobacterium tubercolosis and candida 
albicans without biotin, with biotin and with labelled-biotin. Then we plan to evaluate 
the presence of labelled biotin in bacteria after 2, 4, 6 and 24 hours of incubation, 
periodic washes, centrifugations and gamma-counter counting. The same evaluation 
can be made by real-time quantification of radioactivity presence inside bacteria, for 
example using ligand tracer device, where it is possible to evaluate the 
internalization of labelled-biotin inside bacteria during the incubation with the tracer 
using a Petri plate. 
Some patients, who performed 111In-biotin scintigraphy during antibiotic therapy, 
showed a disappearance of uptake of labelled biotin, this matches with the 
resolution of infection (accompanied by normalization of flogosis index, 
disappearance of back-pain etc) but in some patients a clearly evident reduction of 
tracer could be found in lesions even if the infection was not present any more. For 
this reason we would like to determine retrospectively, a semi-quantitative 
evaluation of all studies of patients performed during follow-up to calculate the cut-
off level of pathologic uptake of 111In-biotin. 
In our patient population two patients with vertebral metastasis showed no 
accumulation of 111In-biotin then we will plan a prospective study to compare 111In-
biotin SPECT/CT with 18F-FDG-PET/CT in patients with vertebral infection and 
vertebral tumors to better prove the specificity of labelled biotin. 
Last but not least we will consider the possibility to label biotin with a radionuclide 
available  for PET/CT diagnostics. Chemical structure of biotin linked with chelator 
diethylenetriamino pentaacetic acid (DTPA), should allow the labelling of the vitamin 
with 68Ga. 68Ga, with a half-life of 68 min, offers cyclotron-independent, convenient 
and low-cost access to PET radiopharmaceuticals. This radionuclide is readily 
available by elution from a 68Ge/68Ga generator system possessing about a 2-year 
life span (68Ge t1/2=270.8 days). Furthermore, the 68Ga decays 90% by the 
emission of positrons (1.921 MeV), without any gamma contribution, and 10% by 
electron capture; it is thus an ideal nuclide for PET/CT imaging. The possibility to 
employ labelled biotin with 68Ga allows furthermore its quantitative evaluation of the 
uptake in site of infection. This characteristic seems to be necessary and important 
especially in the follow-up of patients during therapy.  
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Biodistribution of 99mTc-Annxin V in mice with virus-induced breast cancer: effects 
of cytotoxic treatment and glucocorticoids administration” and “Tissue distribution of 
radiolabelled Human Endothelial Progenotor Cells in normal mice and in a model of 
peripheral skeletal muscle ischemia amd inflammation” 
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Palermo  (Italy) October: National Congress of Italian Nuclear Medicine Association 
as author of poster “99mTc-HMPAO labelled white blood cells scintigraphy in patients  
admitted in intensive care unit with FUO” winner of 1 st award  

2005 

Toronto  (Canada) June: 52nd Annual Meeting of the Society of Nuclear Medicine as 
coauthor of oral comunication “Timing of Taxol-induced apoptosis as assessed by 
99mTc-Annexin V biodistribution in mice with endogenous virus-induced breast 
cancer” and as author of poster “Biodistribution pattern in normal mice of 99mTc-
labelled teicoplanin, a potential infection imaging agent” 

Istanbul  (Turkey) October: Annual Congress of the European Association of 
Nuclear Medicine as coauthor of oral comunication “Differential pattern of cytokines 
and chemochines expression in muscle tissue of normal, hind-limb ischemic and 
inflammed mice and radiolabelled Human Endothelial Progenitor Cells homing” and 
as author of poster “Biodistribution pattern of 99mTc-labelled Teicoplanin in animal 
model” and “99mTc-HMPAO-leukocytes scintigraphy utility in intensive care patients 
with fever of unkown origin (FUO)” 

2006 

Termoli (Italy) March: Congress “Nuclear medicne Role in benign bone pathology” 
as author of oral comunication “Nuclear medicine diagnosis in the study of vertebral 
osteomyelitis” 

Torino October: : National Congress of Italian Nuclear Medicine Association as 
author of oral comunication “Role of one-step radiolabelled Biotin SPECT/TC in the 
diagnosis of spinal infections. 

 
Palermo  October: 1st Congress of A.N.I.O. on bone infections as author of oral 
comunication “Present role and future prospectives of nuclear medicine in the syudy 
of vertebral infections” 
 

Pisa (Italy) December: Congress “Giornate Pisane del Torace” as  author of 
oral comunication “ 

Roma  (Italy) December: Theoretical and Practical Course of Professional Update on 
“Metodologie Medico Nucleari per lo studio dei processi infiammatori” as organizer 
and teacher . 
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2007 

Varese (Italy) May: Seminars of Nuclear Medicine in Infettivology as teacher of oral 
comunication “Le spondilodisciti:  le risposte che può dare la Medicina Nucleare” 

Washington D.C. (USA) June: 54th Annual Meeting of the Society of Nuclear 
Medicine  as author of poster “Role Of One-Step Radiolabelled Biotin SPECT/TC In 
The Diagnosis Of Spinal Infection”  

Il Cairo (Egypt) October: World Congress on External Fixation as author of oral 
comunication “Labelled Leukocytes SPECT/TC in Diagnosis of Bone Infection in 
Patients with External Fixation”. 

2008 

Siena  (Aprile): Symposium “Infections of prosthesis: new diagnostic ant therapeutic 
orientation” as speaker in round table on clinical cases of bone and prosthesis 
infections. 
 
Groningen (May): Symposium “Nuclear Medicine Methods for the Study of 
Inflammatory Processes and Infection” as author of oral communication “ What can 
nuclear medicine offer to the diagnosis of osteomyelitis” 

New Orleans (June) 55nd Annual Meeting of the Society of Nuclear Medicine as 
coauthor of oral comunication “99mTc-HMPAO-labelled leukocyte SPECT/TC helps in 
the evaluation of endocarditis and cardiac devices infection” and poster 
“Comparison of [18F]FDG-PET and CT findings in Staging, early assessment of 
Response to Therapy, and Restaging of Lymphomas” 
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