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Abstract. This study investigated the value of fluorine18 2'-deoxy-2-fluoro-D-glucose (FDG) imaging with a
double-headed gamma camera operated in coincidence
(hybrid PET) detection mode in patients with suspected
spondylitis. Comparison was made with conventional
nuclear medicine imaging modalities and magnetic resonance imaging (MRI). Sixteen patients with suspected
spondylitis (nine male, seven female, mean age 59 years)
prospectively underwent FDG hybrid PET (296 MBq)
and MRI. For intra-individual comparison, the patients
were also imaged with technetium-99m methylene diphosphonate (MDP) (555 MBq) (n=13) and/or gallium67 citrate (185 MBq) (n=11). For FDG hybrid PET, two
or three transverse scans were performed. Ratios of infected (target) to non-infected (background) (T/B) vertebral bodies were calculated. MR images were obtained
of the region of interest. Patients found positive for
spondylitis with MRI and/or FDG hybrid PET underwent surgical intervention and histological grading of the
individual infected foci. Twelve out of 16 patients were
found to be positive for spondylitis. Independent of the
grade of infection and the location in the spine, all
known infected vertebrae (n=23, 9 thoracic, 12 lumbar,
2 sacral) were detected by FDG hybrid PET. T/B ratios
higher than 1.45±0.05 (at 1 h p.i.) were indicative of infectious disease, whereas ratios below this value were
found in cases of degenerative change. FDG hybrid PET
was superior to MRI in patients who had a history of surgery and suffered from a high-grade infection in combination with paravertebral abscess formation (n=2; further
computed tomography was needed) and in those with
low-grade spondylitis (n=2, no oedema) or discitis (n=2,
mild oedema). False-positive 67Ga citrate images (n=5:
2 spondylodiscitis, 1 aortitis, 1 pleuritis, 1 pulmonary tuberculosis) and 99mTc-MDP SPET (n=4: 1 osteoporosis,
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2 spondylodiscitis, 1 fracture) were equally well detected
by FDG hybrid PET and MRI. No diagnostic problems
were seen in the other patients (n=5). In this study, FDG
hybrid PET was superior to MRI, 67Ga citrate and 99mTcMDP, especially in patients with low-grade spondylitis
(as compared with MRI), adjacent soft tissue infections
(as compared with 67Ga citrate) and advanced bone degeneration (as compared with 99mTc-MDP).
Keywords: Vertebral osteomyelitis – Activity – Bone –
FDG hybrid PET
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Introduction
The lack of specific clinical, laboratory and radiological
findings in patients with a disease as potentially debilitating as infectious spondylitis is challenging. Biopsy
will frequently need to be performed but is itself often
non-diagnostic and not without risk. Therefore, identification of findings, often subtle, that strongly favour other entities in the differential diagnosis may be of equal
clinical importance to findings suggestive of infection,
particularly in the subset of patients who would otherwise be felt unlikely to have a disc space infection. Nuclear medicine studies such as bone scan or gallium-67
citrate imaging and magnetic resonance imaging (MRI)
are complementary techniques and are often performed
in combination [1, 2, 3, 4]. Because of unfavourable
physical characteristics, 67Ga citrate images, even when
acquired using a single-photon emission tomographic
(SPET) technique, cannot clearly define the local extension of infected spine lesions to adjacent bone or soft tissue structures – a problem which often has to be overcome by MRI of the region in question [4]. Since infectious spondylitis is characterised by the involvement of
two adjacent vertebrae and the intervening disc, with se-
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vere and early destruction of the end plates, a precise description of the number of infected vertebrae and the extension of infection (assuming it is indeed present) is an
urgent requirement [5].
Fluorine-18 2'-deoxy-2-fluoro-D-glucose (FDG) positron emission tomography (dedicated PET) has demonstrated high sensitivity and specificity in detecting and
identifying processes of inflammatory activity in spondylitis. This technique has the advantage of higher spatial resolution as compared with other nuclear medicine
procedures. In addition, it can differentiate between bone
and soft tissue infection and allows imaging in the presence of metal implants [6, 7].
Recently, we presented our results obtained with FDG
imaging using a double-head coincidence camera (hybrid
PET) in patients with fever of unknown origin (FUO), in
comparison with 67Ga citrate planar and SPET imaging
[8]. The better performance of FDG as compared with
67Ga citrate was believed to be due to two factors: (a) the
better spatial resolution of the hybrid PET system in
comparison with a conventional gamma camera and (b)
the tracer kinetics of the small FDG molecule as compared with the relatively large 67Ga citrate complex [8].
This new gamma camera system, capable of operating in
a coincidence mode, is now viewed as a low-cost alternative to dedicated PET systems. The clinical impact of
different double-head coincidence cameras (hybrid PET)
in comparison with dedicated PET (dPET) systems is
currently under investigation. So far, most experience
has been gained with FDG imaging in malignant diseases [9, 10, 11]; little experience exists in the field of FDG
imaging of infectious and/or degenerative changes.
Therefore, the aim of this study was to prospectively
evaluate the performance of FDG using a hybrid PET
system in patients with suspected spondylitis and to
compare the results with those of conventional nuclear
medicine imaging modalities (bone scan, 67Ga citrate
SPET) and MRI. Patients with suspected spinal malignancies were strictly excluded from the study. Particular
interest was instead focussed on the uptake of FDG in
vertebral bodies showing degenerative changes (osteochondrosis, osteophytes etc.) and the adjacent facet
joints (spondylarthrosis).
Materials and methods
Study design
This prospective, comparative study was approved by the Institutional Ethics Committee and informed consent was obtained from
the participants. Sixteen patients with suspected spondylitis (nine
males, seven females, mean age 59 years, range 25–78 years) were
referred to the nuclear medicine department of the Georg August
University of Göttingen for infection scanning (between June
1999 and December 2000). FDG hybrid PET and MRI were performed first, and 67Ga citrate or bone scan was performed 24 h later. Twelve patients were suspected of having vertebral osteomy-
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elitis, three had been referred because of suspected spondylodiscitis and one had suffered postoperative bacteraemia. The patients
had been on antibiotics for 6±5 weeks prior to scanning.
The scintigraphic results were verified by the following procedures: fine-needle aspiration (n=7), culture of a sample, obtained
surgically (n=6), histological examination (including the grading
of infection) of a biopsy specimen (n=6), MRI (n=16), bone scan
(n=13) and 67Ga citrate scan (n=11). Follow-up proved the presence of signs or symptoms of infection in patients with positive
scintigraphic findings, or a favourable response to treatment.

Imaging protocol and image interpretation
FDG hybrid PET. Imaging with FDG was performed after an
overnight fast. The serum glucose levels were measured in all patients and were below 100 mg/dl. List-mode acquisition was started 1 h after injection of 296 MBq FDG using a double-head coincidence camera (Prism 2000 XP, Marconi Medical Systems,
Espelkamp, Germany). The intrinsic resolution of this system before reconstruction is 5 mm transaxially. We used axial septa and
photopeak to photopeak acquisition for whole-body and transaxial
tomographic imaging.
For transaxial imaging of the cervical, thoracic, abdominal and
pelvic regions, the acquisition involved the rotation of each detector over 180° with 30 stops and an acquisition time of 70 s for the
first angle. After rebinning the raw data, transaxial tomographic
images were generated using an iterative algorithm (ISA) [12].
Bone scans. In a first step, three-phase bone scintigraphy was performed after injection of 555 MBq technetium-99m methylene diphosphonate (99mTc-MDP). Immediately after bolus injection, dynamic images (1 image/s over 60 s) were acquired with a singlehead gamma camera [Prism 100, Marconi Medical Systems (formerly Picker) Cleveland, Ohio, USA]. Subsequently, static blood
pool images (1 image/120 s) of the region of interest were generated with a double-headed whole-body gamma camera (Prism 2000,
Marconi Medical Systems, Cleveland, Ohio, USA). Whole-body
bone scans were performed with a parallel-hole high-resolution,
low-energy (HR) collimator using the 140-keV 99mTc peak, a
256×256 matrix and a preselected time of 25 min/image.
For SPET data acquisition of 99mTc-MDP bone scans, we employed a triple-headed gamma camera (Prism 3000, Marconi Medical Systems, Cleveland, Ohio, USA), a 256×256 matrix with a
preselected time of 25 min/image, 30 images/120°, and a parallelhole high-resolution, low-energy collimator using the 140-keV
99mTc peak. For SPET reconstruction, the same iterative algorithm
(ISA) as mentioned above was applied [12].
Gallium-67 citrate scans. Gallium-67 citrate imaging was performed 2–3 days after FDG hybrid PET, and 48 h after i.v. injection of 185 MBq 67Ga citrate. Both whole-body scans (Prism
2000, Marconi Medical Systems, Cleveland, Ohio, USA) and
SPET images (Prism 3000, Marconi Medical Systems, Cleveland,
Ohio, USA) were acquired. For whole-body imaging, a 64×64 matrix with a preselected time of 25 min/image and a medium-energy
collimator using the 93-, 185- and 300-keV photopeaks were employed. For SPET data acquisition, the same gamma camera with
a 64×64 matrix, 30 images/120°, 25 s/stop and the same mediumenergy collimator were used. For SPET reconstruction, the same
iterative algorithm (ISA) was applied [12].
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Image interpretation. Images were interpreted separately by two
independent observers who were blinded to the results of the verification procedures. Disagreements were settled by consensus.
Scans were considered positive for infection when there was focal
accumulation of tracer that increased over time. A scan was regarded as false positive when the abnormal uptake was misleading
in the diagnosis. A true-negative scan was a normal study following which further evaluation excluded focal inflammation. A scan
was considered false negative when no abnormal uptake was seen
but focal inflammation was subsequently detected by other modalities. For quantitative evaluation, radiotracer uptake by the diseased vertebral bodies was measured. For this purpose, regions of
interest (ROIs) over two suspicious adjacent vertebral bodies were
compared with identically sized ROIs over two normal adjacent
vertebral bodies. The results were correlated with histological
findings and with the localisation in the spine. The count rates
were classified as normal (equal to adjacent normal vertebral
body), increased or decreased.
MRI. Images were obtained with T1-weighted and T2-weighted
spin-echo (SE) pulse sequences. Plain or contrast-enhanced sagittal (for bony structures) and transverse (for paravertebral abscesses) studies were performed. Fat saturation was also applied [13,
14, 15]. Infection was considered to be present on MRI if (a) T1weighted sequences showed confluent decreased signal intensities
of the vertebral marrow and intervertebral disc space together with
absence of a discernible margin between the disc and the adjacent
vertebral marrow, (b) T2-weighted sequences documented an increased signal intensity of the vertebral marrow adjacent to the involved disc and of the disc itself and (c) significant contrast enhancement could be seen around the discovertebral junction and in
the paravertebral soft tissues.

Statistical analysis
For statistical analysis, which was performed on the basis of the
individual infected foci, the paired Student’s t test was used. The
level of significance was set at 0.05.

Results
A summary of the patients, their scintigraphic results and
the verification procedures is provided in Table 1. Examples of abnormal FDG hybrid PET, 67Ga citrate scans
and bone scans (SPET) are shown in Figs. 1, 2, 3 and 4.
In patients with medium- and high-grade spondylitis, the
results of FDG hybrid PET and MRI were 100% concordant. No focal infections (on FDG hybrid PET) or infectious lesions of single vertebrae (on MRI) were missed
by either technique. Of the 16 patients, 12 had proven infection in the spine. Positive fine-needle biopsy, histology and culture were obtained in 7/12 patients found positive for infection. In the remaining five patients, biopsy
results were unavailable. Out of 31 suspicious vertebrae,
23 (9 thoracic, 12 lumbar and 2 sacral) were found to be
positive for infection.
With FDG hybrid PET a clear distinction was possible between infections of single vertebrae and adjacent
soft tissue, whereas equivocal results were often seen
with the other imaging modalities. An extensive paravertebral soft tissue abscess (n=1) (Fig. 1) was not seen with
MRI or bone scan. FDG hybrid PET showed acute spon-

Table 1. Summary of all patients with suspected vertebral osteomyelitis and the results of FDG hybrid PET, bone scan (99mTc-MDP
SPET), 67Ga citrate scan and MRI
Age
(years)

Sex

FDG hybrid
PET

Bone
scan

67Ga

citrate
SPET

MRI

Final diagnosis

Verified by:

1
2
3
4
5
6
7

55
63
62
63
58
54
58

m
f
f
m
m
f
m

TP
TP
TP
Equivocal
TN
TP
TP

f
m
f
m

TN
TP
FP
ND

TP
Equivocal
Equivocal
TP

12
13
14
15

61
69
70
58

f
m
f
m

16

54

m

TP
ND
ND
TP
–
ND

TP
Equivocal
Equivocal
Spondylitis
+ equivocal
TP

Pleuritis
Aortitis
Spondylitis
Spondylodiscitis
Osteoporotic fracture
Spondylitis
Spondylitis
+ paraver. abs.
Fracture
Spondylitis
Spondylodiscitis
Spondylitis
+ paraver. abs.
Spondylitis
Spondylitis
Spondylitis
Spondylitis

CT, MRI
MRI, CL
FN, CT
H, CT, FN
Op
CT, H
CT, CL, FN

49
63
68
56

FN
FN
TP
FP
FP
TP
TP
+FN
FP
ND
FP
TP
+FN
ND
ND
TP
TP
+FN
TP

Equivocal
Equivocal
TP
FP
TP
TP
ND

8
9
10
11

TP
TP
TP
TP
TN
TP
TP
+ paraver. abs.
FP
TP
TP
TP
+ paraver. abs.
TP
TP
TP
TP
+ infected scar
TP

Patient

Spondylitis

CT
H, CT
CL, H, CT, FN
CT, CL
CL
FN, H
FN, H
CT, CL
FN, CT

TP, True positive; TN, true negative; FP, false positive; FN, false negative; ND, not done; CL, culture; FN, fine needle; H, histology;
Op, operation
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Fig. 1. FDG hybrid PET (A) allows an estimation of the number
of infected vertebrae (thin arrowheads) as well as an estimation of
the infection of the surrounding soft tissue (thin arrowheads).
With MRI (B), the grade of infection was correctly shown (strong
oedema, thick arrows), whereas the soft tissue abscess formation
was not observed

dylitis in four lumbar vertebrae and further soft tissue
abscess formation in the right psoas and inguinal region.
Retrospective repeated evaluation of MRI still did not
reveal a positive result in respect of the soft tissue infection, and further contrast-enhanced computed tomography (CT) was needed for final diagnostic confirmation.
Infected scar tissue at the site of previous surgery (n=1)
(Fig. 2), smaller soft tissue infections adjacent to lumbar
vertebrae (n=1) and infections of intervertebral discs
(n=2) (Fig. 3) were all correctly interpreted with FDG
hybrid PET. By contrast, both 67Ga citrate and 99mTcMDP SPET scans led to misclassifications as positive for
spondylitis. The lower physiological resolution of 67Ga
citrate did not allow correct differentiation between these
anatomical structures. Soft tissue abnormalities were
missed with 99mTc-MDP and with MRI in patients with
low-grade spondylodiscitis (mild oedema).
A false-positive result was obtained with hybrid PET
in one of two patients with bone fractures. Hybrid PET
showed slightly increased FDG uptake (Fig. 4), misclassified as positive for spondylitis. No signs of infectious
disease were seen on MRI (no oedema), and treatment
was deferred. The final diagnosis was made on the basis
of MRI/CT. Other degenerative bone alterations such as
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spondylophytes and osteochondrosis always showed decreased FDG uptake.
With MRI, false-negative results were obtained in
four patients with spondylodiscitis (n=2) and low-grade
spondylitis (n=2, histologically proven). Due to the presence of small amounts of oedema in the peri-osseous soft
tissue, MRI could not differentiate between mild osteomyelitis, activated osteoarthritis (there was one falsepositive case on MRI) and advanced degeneration. Conventional radiography, which has limited reliability in
cases of low-grade infection, showed no bone alterations
indicative of infection. CT of the region of interest was
also not indicative for infection, because there was little
or no contrast enhancement. The final diagnosis was
reached on the basis of the good response of the patient
to antibiotic chemotherapy and the regression of leukocytosis.
The sensitivity, specificity and diagnostic accuracy
for FDG hybrid PET, MRI, 67Ga citrate and bone scan
were, respectively, 100%/87%/96%, 82%/85%/81%,
73%/61%/80% and 91%/50%/80%.
Outside the spine, FDG hybrid PET detected two
cases of infected decubitus, one abdominal abscess, one
infected operative site, one case of aortitis, one case of
pleuritis, one case of pulmonary tuberculosis and two
paravertebral abscesses. In four of these cases, 67Ga citrate SPET could not differentiate between soft tissue infection alone and concurrent infection of adjacent bone.
Once detected, the extent of the lesion was much better
delineated by FDG hybrid PET and MRI.
For FDG hybrid PET, the T/B (infection/normal vertebra) ratio was 1.45±0.05 at 1 h p.i., which was lower
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Discussion

Fig. 2. Due to better spatial resolution, FDG allows clear differentiation between bone and surrounding soft tissue infection (upper
figure, two arrows around the infected scar), whereas bone scan
alone only shows the infected vertebra (lower figure, arrowhead).
Radiologically disturbing artefacts, such as postoperative metal
clips in the soft tissue (operative site), do not affect FDG imaging

than the ratios on 67Ga citrate SPET at 48 h p.i. (1.76±0.07)
and 99mTc-MDP SPET at 4 h p.i. (2.34±0.25). The uptake
on FDG hybrid PET and 67Ga citrate SPET correlated
with the severity of infection, whereas no correlation
could be found for 99mTc-MDP SPET since bone fractures, infections of bone structures and advanced bone
alterations equally showed increased uptake. The paired
t test showed no significant difference between the T/B
ratios of FDG hybrid PET and 67Ga citrate SPET
(P=0.41)

Spinal osteomyelitis has been known about for centuries. The advent of MRI has proved a major milestone;
with its high sensitivity and specificity, it is an essential
part of the diagnostic work-up. The treatment of spinal
osteomyelitis follows the same basic principles as that
for any infection. Once the diagnosis has been established, early conservative treatment is commenced.
MRI shows signs of infection (bone marrow oedema),
which is an early but rather unspecific finding. In advanced stages, however, CT is of benefit owing to the
commonness of osseous lesions and the regression of
bone marrow oedema. For this reason, both methods
have to be used in a complementary manner in the differential diagnosis of acute and/or chronic spondylitis
[17].
Recently, FDG PET has been proven to be very reliable in excluding osteomyelitis when a negative scan result is obtained. Overall, FDG PET correctly diagnosed
the presence or absence of chronic osteomyelitis in 20 of
22 patients. Six had chronic osteomyelitis and 16 proved
to be free of osteomyelitis. FDG PET correctly identified
all six patients with chronic osteomyelitis but produced
two false-positive results. This study had a sensitivity of
100%, a specificity of 87.5% and an accuracy of 90.9%
[18]. An improvement in specificity could be achieved
when FDG PET was focussed on patients with suspected
infection of the central skeleton: the sensitivity was then
100%, the specificity 90% and the accuracy 94% [19]. In
a direct comparison, FDG PET proved superior to MRI
in infected bone areas with diminished vascularity, such
as infection of a fibular transplant, which was missed by
MRI [20]. A similar situation of diminished vascularity
has to be expected in patients with suspected spondylitis,
especially when they are under antibiotic chemotherapy
prior to imaging [4]. This represents a frequent and clinically relevant situation. In the present study, laboratory
findings such as WBC, ESR and CRP were only moderately increased in most patients. It remains unclear
whether these findings were due to the encapsulation of
the infection with a subsequent rise in pressure and a decrease in the vascular egress of necrotic cells [21] or
whether they were just due to the local antibiotic response.
This study indicates that FDG hybrid PET performs
as well as MRI in patients with high- and medium-grade
infection of the central locomotor system. The infections
were mainly localised in the thoracic and lumbar parts of
the spine. Both methods depicted all 23 vertebrae known
to be positive for infection, including chronic infections
and infections limited to the intervertebral disc. The
specificity of 85% with MRI reflects its limitations in
detecting low-grade infections or inflammation limited
to the intervertebral disc. In four patients, non-enhanced
and enhanced STIR or fat-saturated sequences did not reveal the marrow abnormality (oedema) or its extension,
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Fig. 3A, B. With FDG, spondylodiscitis is visualised as a rim sign
(A, arrows around the infection on coronal slices, lower part of
figure; B, arrowheads on the sagittal slice). 67Ga citrate (A, arrow
on coronal SPET, upper part of figure) cannot differentiate between an infection limited to the intervertebral disc and an infection extending into the adjacent vertebrae

as has already been described elsewhere [4, 5, 22]. By
contrast, no problems were encountered with FDG hybrid PET, because low numbers of inflammatory cells,
such as neutrophils and activated macrophages, that are
present in areas of acute and chronic inflammation avidly take up FDG [23, 24, 25] owing to increased glycolytic activity. The most important results of our study are
that FDG hybrid PET is highly accurate and superior to
the other imaging modalities:
1. In diagnosing acute and chronic spondylitis, because
normal bone marrow shows only low glucose metabolism under physiological conditions [26] and decreased glucose uptake in the presence of degenerative bone alterations, such as osteochondrosis/osteophytes and osteoporotic demineralisation. However,
slightly increased uptake of FDG was observed in one
patient with a recent post-traumatic fracture of a lumbar vertebra, this being responsible for the only misclassification on FDG hybrid PET.
2. In differentiating between bone infection and infection of the surrounding soft tissue. In contrast, MRI
misclassified two patients with paravertebral soft tis-
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sue and scar infection as negative and 67Ga citrate
SPET yielded a false-positive diagnosis for spondylitis in one case of aortitis, one of pleuritis and one of
pulmonary tuberculosis. In contrast, clear differentiation between osteomyelitis and infection of the surrounding soft tissue was possible with FDG hybrid
PET owing to the high spatial resolution of this new
technique.
With dedicated PET, Kälicke et al. [27] and Guhlmann et
al. [26] have already shown the advantage of functional
imaging over CT and MRI, since metal implants in the
bone did not affect imaging quality. In our study, two patients with a postoperative infection of the operative site
(and metal clips) could not be adequately diagnosed with
MRI. FDG hybrid PET was the only imaging procedure
to elucidate the extension of infection.
Dedicated PET with FDG has proven to be an important diagnostic tool in oncology [28] as well as in
patients with bone infections [26, 27]. However, the
high cost of dedicated PET limits its use to a few, highly specialised institutions. For this reason, gamma camera manufacturers have adapted their relatively inexpensive double-head gamma cameras to perform PET
imaging (hybrid PET). In this study, FDG hybrid PET
correctly identified 12 of the 16 suspected infections of
the central skeleton. There was only one indeterminate
finding concerning a recent fracture of a vertebra, a result that most likely was related to the intensive bone
repair of the intra-osseous fracture. In patients with
fracture non-unions, it is well known that diagnosis of

522

Fig. 4. Acute bone fractures show slightly increased FDG uptake
(A, arrows in the lower part of the figure), whereas bone scan
(A, upper part of figure) shows massive bone uptake. Degenerative bone alterations such as spondylophytes and osteochondrosis always show decreased FDG uptake. Conventional radiography (B, C) and MRI (D) demonstrate the fracture of lumbar vertebrae
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osteomyelitis may be difficult with bone scan and/or
gallium scintigraphy, because increased bone remodelling can lead to false-positive results [29]. It has been
reported that the sensitivity, specificity and diagnostic
accuracy of dedicated PET in patients with infections
of the central skeleton are 100%, 90% and 94%, respectively [19]; corresponding figures for hybrid PET in our
study were 100%, 87% and 96%. Both methods are superior to the other nuclear medicine and radiological
methods. To our knowledge, this is the first time that
the new technique of hybrid PET has demonstrated diagnostic values as high as those achieved with dedicated PET.
In summary, FDG hybrid PET helps to correctly identify those patients with vertebral osteomyelitis. It aids in
the differentiation between mild infection and degenerative changes, detects additional manifestations outside
the spine in a substantial number of patients and shows a
good correlation with the histological severity of infection. The ease of use, excellent imaging quality and diagnostic accuracy make FDG hybrid PET an attractive and
cost-effective imaging modality for more widespread
clinical use.
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