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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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