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The aim of this study was to assess the usefulness of PET with
2-18F-fluoro-2-deoxy-D-glucose
(FDG), as compared to immunoscintigraphy (IS) with ""Tc-labeled
monoclonal antigranulocyte
antibodies (AGAbs), in the detection of chronic osteomyelitis.
Methods: Fifty-one patients suspected of having chronic osteomy
elitis in the peripheral (n = 36) or central (n = 15) skeleton were
evaluated prospectively with static FDG PET imaging and combined
99mTc-AGAb/99mTc-methylene dÂ¡pnosphonate (MDP) bone scan
ning within 5 days. FDG PET and IS were evaluated in a blinded and
independent manner by visual interpretation, which was graded on
a five-point scale of two observers' confident diagnosis of osteo
myelitis. Receiver operating characteristic (ROC) curve analysis was
performed for both imaging modalities. The final diagnosis was
established by means of bactÃ©riologieculture of surgical specimens
and histopathologic analysis (n = 31) or by biopsy and clinical
follow-up over 2 yr (n = 20). Results: Of 51 patients, 28 had
osteomyelitis and 23 did not. According to the unanimous evaluation
of both readers, FDG PET correctly identified 27 of the 28 positives
and 22 of the 23 negatives (IS identified 15 of 28 positives and 17 of
23 negatives, respectively). The area under the ROC curve was
0.97/0.97 (reader 1/reader 2) for FDG PET and 0.87/0.90 for IS, with
a high degree of interobserver concordance (K-values were 0.96 for
FDG PET and 0.91 for IS). In the central skeleton, the ROC curve
area was 0.98/1.00 for FDG PET and 0.71/0.77 for IS (p < 0.05). On
the basis of ROC analysis, the overall accuracies of FDG PET and IS
in the detection of chronic osteomyelitis were 96%/96% and 82%/
88%, respectively. With regard to the optimal threshold values,
sensitivity and specificity were 100%/97% and 95%/95% with FDG
PET, compared to 86%/92% and 77%/82Â°/owith IS, respectively.

radiologie findings are uncharacteristic of chronic osteomyelitis
in many patients.
In addition to the sensitive, but nonspecific, three-phase bone
scintigraphy, several nuclear medicine imaging modalities have
been used for the detection of chronic osteomyelitis (2-6).
Gallium-67 citrate imaging is more specific than bone scanning,
but false-positives may occur in conditions such as healing
fractures and noninfected prostheses (2,7). Scintigraphic imag
ing with '"in-oxineor 99mTc-hexamethyl propyleneamine
oxime-labeled leukocytes preferentially in combination with a
99mTc-methylene diphosphonate (MDP) bone scan is a reliable
method to diagnose chronic osteomyelitis, except for vertebral
osteomyelitis (6,8-12). Especially for diagnosing musculoskeletal infection in patients with underlying, potentially marrowaltering conditions, addition of "mTc sulfur colloid bone
marrow to '"in leukocyte imaging helps improve the specific
ity of white blood cell (WBC) scans (13,14). In the recent years,
immunoscintigraphy (IS) with 99mTc-labeled monoclonal anti
granulocyte antibodies (AGAbs) (15-18) and antigranulocyte
Fab' fragments (17) has been used successfully in the evalua

tion of bone infection in the appendicular skeleton. The main
disadvantage of all of the scintigraphic imaging modalities
using labeled WBCs is their unreliability in diagnosing osteo
myelitis in the central skeleton, presenting frequently nonspe
cific photopenic areas (6,8,16,19-21). Furthermore, differenti
ation between osteomyelitis and infection of the surrounding
soft tissue may be very difficult.
Inflammatory cells such as neutrophils and activated macro
Conclusion: In the peripheral skeleton, both FDG PET and com
bined 99mTc-AGAb/99mTc-MDP scanning are appropriate imaging
phages that are present in areas of acute or chronic inflamma
tion take up the glucose analog 2-18F-fluoro-2-deoxy-D-glucose
modalities to diagnose chronic osteomyelitis. FDG PET additionally
(FDG) avidly (22-24), due to increased glycolytic activity.
allows reliable differentiation between osteomyelitis and infection of
Accordingly, FDG has been reported to accumulate in inflam
the surrounding soft tissue. In the central skeleton within active bone
matory processes (25-29), such as abscesses (25,26), sarcoidmarrow, FDG PET is highly accurate and superior to AGAb imaging
in the diagnosis of chronic osteomyelitis, which frequently presents
osis (27) and joint inflammation (28), as well as osteomyelitis
as a nonspecific photopenic lesion at scintigraphy with labeled white
(29). In this prospective study, findings of PET using FDG for
blood cells.
the detection of chronic osteomyelitis were compared with the
results of IS with 99mTc-labeled AGAb BW 250/183 (30) in
Key Words: chronic osteomyelitis;FDG PET; immunoscintigraphy;
conjunction with delayed 99mTc-MDP bone scan.
monoclonal antigranulocyte antibody BW 250/183; vertebral osteo
myelitis
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PATIENTS AND METHODS
Patient Selection

-H/stablishing the diagnosis of chronic osteomyelitis and dif
ferentiating soft tissue infection from bone involvement can be
difficult with noninvasive techniques, particularly when bone
has been altered by prior trauma, surgery or infection (7).
Furthermore, clinical symptoms, laboratory parameters and
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For correspondence or reprints contact: Sven N. Reske, MD, Head, Department of
Nuclear Medicine, University of Ulm, Robert-Koch-Strasse 8, D-89070 Ulm/Donau,
Germany.

We prospectively studied 51 patients ( 12 women, 39 men; age
range 22-81 yr; mean age 48.5 yr) who were suspected of having
chronic osteomyelitis. We defined the disease as suspected chronic
osteomyelitis if there was recurrent osteomyelitis or if the symp
toms of osteomyelitis had existed for >6 wk, in accordance with
the previous definition of Schauwecker (fi). Chronic osteomyelitis
of the peripheral skeleton was suspected in 36 patients, and 15
patients were referred with suspected osteomyelitis in the central
skeleton (i.e., vertebrae, ribs, pelvis and proximal femur). Before
IS and FDG PET, which were performed within 5 days, all patients
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TABLE 1
Individual Data for Patients with Suspected Chronic Osteomyelitis Evaluated by Surgical Exploration

2)PETTP/TPTP/TPTN/TNTN/TNTN/T
(reader 1/reader
(reader
2)PET4/44/40/11/10/04/44/44/44/44/44/44/44/40/03/44/44/40/04/40/00/01/14/40704/40/03/4
1/reader
diagnosis
no.12345678910111213141516171819202122232425262728293031SexMMFMMFMMMMMFMMMMMMMFMMMFMFMMFFMAge(yr)29655880446539403874384639233837683
Patient
pathologyFractureFractureOsteoarthritisFractureTraumatic(organism)OM
femur)P
(distal
(tibia)C
joint)C
(hip
femur)P
(proximal
(patella)C
(spine)P
(tibia)C
(spine)P
(tibia)C
(rib)P
(hand)P
(hand)P
(tibia)C
(spine)C
joint/pelvis)C
(hip
(spine)P
(tibia)P
joint)C
(knee
femur)P
(proximal
femur)P
(distal
(tibia)P
(tibia)P
(tibia)P
joint)P
(knee
femur)C
(distal
joint)P
(iliosacral
(tibia)P
(calcaneus)P
(calcaneus)P
joint)P
(ankle
(tibia)Previous

FiOM(1)*

dislocationTuberculosisODOSODSurgery

FiSoft(2)
(neg)No
tissue infection
infectionSoft
(neg)OM(1)OM
tissue infection

fistula)FractureFractureODODOSODFractureDistortion
(pancreatic

FiOM(1,3,4)
FiOM(1)
FiOM(1)
FiOM(1)OM(1)OM(2)Soft
(5)

(neg)OM
tissue infection
FiOM(1)OM(1)Soft
(1)

(arthroscopy)FractureFractureODShin

(neg)OM(1,3)No
tissue infection

injuryODAN,
splint

infectionSoft
(1)Soft
tissue infection
,6)OM(1)No
tissue infection (1

empyemaFractureOsteoarthritisFractureOSOSOSFractureRatings
infectionOM(1)No
infectionOM(1)Soft
(neg)No
tissue infection
infectionNo
infectionOM(1)Probability

'BactÃ©riologie culture results: 1 = Staphylococcus aureus; 2 = Staphylococcus epidermidis', 3 = Streptococcus tecalis (D); 4 = Streptococcus

viridans',

5 = Candida albicans; 6 = Bacteroides hemolytic streptococcus; neg = negative (no growth).
OM = osteomyelitis; Fi = fistulization; C = central skeleton; P = peripheral skeleton; OD = orthopedic devices; OS = orthopedic surgery; AN = avascular
necrosis; TP = true-positive (score of 3 or 4); TN = true-negative (score of 0 or 1); FP = false-positive; FN = false-negative; ind = indeterminate (score of
2).

had a three-phase WnTc-MDP bone scan. The possible site of
osteomyelitis was known from anamnesis, clinical and plain
radiograph findings, as well as from the delayed "Tc-MDP bone
scan. Informed written consent was obtained from all study
participants. Individual data for the patients are listed in Tables 1
and 2. In all of the patients, trauma or surgery dated back at least
2 yr. There were no patients with hematogenous chronic osteomy
elitis. In 31 of the 51 patients, final diagnosis was made by means
of bactÃ©riologieculture of surgical specimens and by histopathologic analysis within 10 days after scintigraphic evaluation (Table
1). In 20 patients, diagnosis was verified by biopsy and clinical
follow-up over 2 yr (Table 2). Clinical follow-up criteria were
decrease of pain and normalization of laboratory parameters after
appropriate antibiotic therapy. Pathologic laboratory findings, such
as an elevated erythrocyte sedimentation rate or leukocytosis, were
found in 21 patients, of whom 12 had chronic osteomyelitis. The
level of C-reactive protein was elevated in 17 patients (10 with
osteomyelitis).
FDG PET Imaging
PET was performed with a scanner (CTI-ECAT Scanner 931/
08/12; Siemens/CTI, Knoxville, TN) that produces 15 slices of
6.75-mm thickness, with an axial field of view of 10.3 cm (26).
2146

Patients fasted for at least 6 hr before undergoing PET. Before
FDG administration, 10-min transmission scans with a 68Ge/68Ga
ring source were obtained for attenuation correction. Fluorine-18FDG was injected intravenously at a mean dose of 320 MBq (range
250-350 MBq). Static emission scans with at least two contiguous
bed positions (range two to six positions) were performed 50 min
after FDG administration. Patients were repositioned carefully by
using laser-guided landmarks to ensure an identical field of view
for emission and transmission scanning. Acquisition time for
emission scans was 15 min per bed position. Image reconstruction
was done with a multiplicative iterative reconstruction algorithm
(3J).
Immunoscintigraphy
Immunoscintigraphy was performed after intravenous injection
of 420 MBq (range 400-450 MBq) """Tc-labeled AGAb/antimyelocyte monoclonal antibody BW 250/183 (Behringwerke AG,
Marburg, Germany) (30,32,33). The amount of protein was 0.30.5 mg per patient. Imaging was performed using a gamma camera
equipped with a low-energy, high-resolution collimator. Planar
images (500,000 counts each) of the respective area of interest
were obtained at 4 and 24 hr postinjection in three projections. An
IS scan was considered positive for osteomyelitis (score of 3 or 4)
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TABLE 2
Individual Data for Patients with Suspected Chronic Osteomyelitis Evaluated by Biopsy and Clinical Follow-Up

(reader
2)PET4/44/40/04/42/14/44/40/02/24/40/04/40/04/4OVD0/04/40/00/00/0IS4/44/40/02/21/01
1/reader
2)PETTP/TPTP/TPTN/TNTP/TPind/FN
(reader 1/reader
(yr)3358384156656236363050313729426834338154LocationP
pathologyFracture,
no.1234567891011121314151617181920SexMMMMMFMMMMMMMFMFMFMMAge
Patient
(tibia)P
(tibia)C
femur)P
(proximal
femur)P
(distal
(tibia)C
(spine)C
(spine)P
joint)C
(knee
(spine)P
(tibia)C
(spine)P
(calcaneus)P
(tibia)P
femur)P
(distal
(foot)P
joint)P
(knee
(tibia)P
joint)P
(knee
joint)P
(knee
(tibia)Previous

ODFracture,
pseudarthrosisOSFracture,
OSFractureTuberculosisOSOS

(arthroscopy)Fracture,
OSFracture,
ODOSFracture,

diagnosisOM
(1)*OM(1,2)FiSoft
infectionOM
tissue
FiOM(1)OM(1)OM(1)Soft
(3)

infectionSoft
tissue
infectionOM(1)Soft
tissue
infectionOM(3)Soft
tissue

ODFractureFractureFractureOS
infectionOM(3)Soft
tissue

(arthroscopy)FractureOsteoarthritisShin

infectionNo
tissue
infectionOM(1)No
infectionSoft
infectionNo
tissue
infectionProbability

injuryFractureRatings
splint

"BactÃ©riologieculture results: 1 = Staphylococcus aureus; 2 = Bacteroides; 3 = Staphylococcus epidermidis.
OM = osteomyelitis; Fi = fistulization; C = central skeleton; P = peripheral skeleton; OD = orthopedic devices; OS = orthopedic surgery; TP
true-positive (score of 3 or 4); TN = true-negative (score of 0 or 1); FN = false-negative; ind = indeterminate (score of 2).

if the area of focally increased AGAb uptake in the 24-hr
postinjection image was the same as the area with increased MDP
uptake in the delayed bone scan. No side effects or adverse
reactions after the AGAb injection were observed in any of our
patients.

rately for both observers by calculating areas under receiver
operating characteristic (ROC) curves (34). Sensitivity and speci
ficity were provided for the threshold values showing highest
accuracy.

Image Interpretation

Statistical analysis to show differences between both scintigraphic procedures was performed with a paired test according to
Hanley and McNeil (34). A p-value of <0.05 was considered
statistically significant. The degree of agreement between the two
observers was measured by Kappa statistics calculating the index K
(K is 0.0 when there is just a chance agreement and 1.0 when there
is perfect agreement).

Both FDG PET and IS studies were evaluated by visual
interpretation in a blind and independent manner by two boardcertified nuclear medicine physicians experienced in PET imaging.
At the time of interpretation, the readers were blinded to the final
diagnosis, as well as to the results of other imaging modalities,
except for delayed MDP bone scan for evaluation of IS. The visual
findings were graded on a five-point scale of 0-4 by the two
observers' confidence of osteomyelitis: 0 = definitely no osteo
myelitis, 1 = probably no osteomyelitis, 2 = equivocal, 3 =
probably osteomyelitis and 4 = definitely osteomyelitis. Both IS
and PET were considered positive for osteomyelitis (score of 3 or
4), if there was moderately or intensely increased AGAb accumu
lation at the site of increased 99mTc-MDP uptake and focally
increased intraosseous FDG uptake, respectively. Findings were
classified as indeterminate (score of 2) if no clear differentiation
between FDG or AGAb accumulation in the soft tissue closely
adjacent to the bone and definitely intraosseous FDG or AGAb
uptake was possible. So-called cold lesions (photon-deficient
areas) in the central skeleton observed at IS were also classified as
score of 2. PET scans were considered negative for osteomyelitis
(score of 0 or 1) if there was no or only very low intraosseous FDG
uptake, not exceeding the physiologic FDG accumulation in active
bone marrow (central skeleton). Immunoscintigraphy scans were
considered negative for osteomyelitis, if there was no or only low,
diffuse AGAb accumulation or AGAb uptake not corresponding to
the site of increased 99mTc-MDP uptake (peripheral skeleton) and
slightly decreased or physiologic AGAb uptake (central skeleton).
The abilities of both imaging modalities to differentiate osteo
myelitis from nonosteomyelitic processes were determined sepa

Statistical Analysis

RESULTS

Of 51 patients suspected to have chronic osteomyelitis, 28
had osteomyelitis and 23 did not; 14 of these 23 patients had a
soft tissue infection (Tables 1 and 2). Delayed WmTc-MDP bone
scan showed increased tracer accumulation at the suspected site
in all patients. Three-phase bone scintigraphy was 63% accurate
in the detection of chronic osteomyelitis, with a sensitivity of
79% and a specificity of 43%.
With FDG PET, both readers unanimously identified 27 of
the 28 positives (score of 3 or 4) and 22 of the 23 negatives
(score of 0 or 1). There were no false-positive or false-negative
results and only two indeterminate findings: in a patient with
soft tissue infection, FDG PET was not able to differentiate
infection of the paravertebral tissue from spondylitis. The
second indeterminate result was an infection of two pinholes of
the tibia. There was strong agreement between the two readers
with a K-value for interobserver concordance of 0.96.
At IS, both readers unanimously identified 15 of the 28
positives (score of 3 or 4) and 17 of the 23 negatives (score of
0 or 1). There was no significant difference in diagnostic
accuracy between the 4- and 24-hr postinjection images. Im
munoscintigraphy had one false-positive and four false-nega-
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TABLE 3
Results of Receiver Operating Characteristic Curve Analysis of Fluorine-18-Fluorodeoxyglucose (FDG) PET and Immunoscintigraphy (IS)
with Technetium-99m-Labeled Antigranulocyte Antibodies in Detection of Chronic Osteomyelitis
ROCcurve area (s.d.)
Subgroup of patients
AllpatientsReader
1Reader
2Peripheral
skeletonReader
1Reader
2Central
skeletonReader
1Reader
25151363615150.97

FDG PET

IS

(0.03)0.97
(0.03)0.97

(0.05)0.90
(0.05)0.91

(0.04)0.97
(0.04)0.98

(0.05)0.93
(0.05)0.71

Accuracy (%)
FDG PET

Sensitivity (%)
IS

FDG PET

Specificity (%)

IS

FDG PET

IS

(0.15)'0.77(0.14)'969697959310082888692738010097100959010086928993809095959595100100778282886060
(0.02)1.00(0.00)0.87

"Statistically significant at p < 0.05 compared with FDG PET.

live results. The false-positive finding was a focally increased
AGAb uptake at the distal femur due to atypical bone marrow
distribution. The four false-negative findings were a pinhole
infection of the tibia (patient with indeterminate result at FDG
PET), an osteomyelitis of the calcaneus, a small area of
osteomyelitis in the distal tibia and a spondylitis. Additionally,
there were 11 indeterminate results at IS, including 8 findings of
photopenic lesions in the central skeleton. There was a good
agreement between the two observers with a Â«-value for
interobserver concordance of 0.91. Tables 1 and 2 demonstrate
the results of both imaging modalities by visual interpretation.
To evaluate the importance of the site of suspected osteomy
elitis (i.e., peripheral or central skeleton), patients were divided
into two subgroups and evaluated separately. For both sub
groups' ROC curve areas, accuracy, as well as sensitivity and
specificity, at the optimal threshold value were determined for
both methods, FDG PET and IS, and for both readers, sepa
rately (Table 3). In the central skeleton containing active bone
marrow, FDG PET is significantly more accurate than IS in
detecting chronic osteomyelitis (p < 0.05). In the peripheral
skeleton, however, there is no significant difference between
both imaging methods.
Representative images of IS and FDG PET are shown in
Figures 1, 2 and 3. An example of a true-positive finding at both
FDG PET and IS corresponding to chronic osteomyelitis in the
peripheral skeleton is illustrated in Figure 1. As an example of
a false-negative IS scan, in Figure 2, FDG PET shows a small
focal area of osteomyelitis in addition to an extensive soft tissue
infection, whereas AGAb imaging was considered negative for
osteomyelitis (score of 1). In Figure 3, increased FDG uptake
demonstrates spondylitis of the 11th thoracic vertebra, whereas
IS shows a defect of AGAb uptake at this site that is nonspecific
for infection.
DISCUSSION
In contrast with the radiologie imaging modalities CT and
MRI, which provide excellent anatomic detail and demonstrate
morphologic structures as sequestra or complicating fractures
with high accuracy in chronic osteomyelitis (/), functional
imaging with FDG PET indicates the highly stimulated glucose
metabolism of specific cells of acute and chronic inflammation
(22-24). Accordingly, 18F-FDG has been shown to accumulate
in various inflammatory processes (25-29). Recently, we have
shown that FDG PET is highly accurate in the detection of
chronic osteomyelitis, which was characterized by strongly
increased intraosseous FDG accumulation with a mean stan
2148

dardized uptake value of 4.5 (35). By contrast, underlying bony
abnormalities such as recent fracture or pseudarthrosis had only
low FDG uptake, with standardized uptake values in the range
of 0.2-1.1 (35). This study evaluates the usefulness of FDG
PET compared to AGAb scintigraphy in diagnosis of chronic
osteomyelitis. On the basis of ROC analysis, our results show
higher sensitivity, higher specificity and higher accuracy of
FDG PET in the diagnosis of chronic osteomyelitis compared to
IS with AGAb (Table 3), which is known as an established
procedure for diagnosing osteomyelitis in the appendicular
skeleton (15-18).
Immunoscintigraphy with monoclonal AGAbs has been es
tablished as an appropriate method for imaging of hematopoietic bone marrow (32,36-39) and used successfully for the
detection of bone marrow mÃ©tastases(36,37,40). In addition,
the 99mTc-labeled murine monoclonal AGAb BW 250/183 has
been applied for the detection of infection and inflammatory
processes with high reliability (17). The results of a multicenter
trial in six European countries, which were reported recently
(30), showed an overall sensitivity of 83% for detecting
infections of the skeleton, bowel and various other organs, with
a specificity in the same order of magnitude (82%). In this
study, we used AGAb imaging for diagnosing chronic osteo
myelitis with an overall sensitivity of 86%-92%, a specificity of
77%-82% and an accuracy of 82%-88% (Table 3).
FDG PET correctly identified 35 of the 36 suspected infec
tions of the peripheral skeleton. There was only one indetermi
nate PET finding concerning a pinhole infection of the tibia, a
result that likely was related to the very small size of the
intraosseous focus. Immunoscintigraphy had one false-positive
finding due to atypical bone marrow distribution after a fracture
of the distal femur with an incorrect healing process. Especially
in patients with fracture nonunions who had undergone prior
surgical procedures, it is well-known that diagnosing osteomy
elitis may be difficult, with either combined bone/gallium
scintigraphy or WBC scintigraphy, because increased bone
remodeling (7,41) and postoperative bone marrow alterations
(42-44), respectively, can lead to false-positive results. Addi
tion of bone marrow imaging using 99mTc-labeled sulfur colloid
helps improve the specificity of WBC scanning (13,14) and
might have prevented this false-positive finding.
As demonstrated in Figure 2, small areas of osteomyelitis in
the peripheral skeleton are difficult to diagnose with AGAb
imaging, resulting in four false-negative findings in our series.
In two additional patients, IS, even in conjunction with delayed
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FIGURE 1. Scintigraphic images of lower
leg of 34-yr-old man with GarrÃ©'sosteo
myelitis of left distal tibia after fracture
(Patient 17, Table 2). Anterior view of
delayed Å“mTc-MDP bone scan (A) and
anterior and lateral 24-hr postinjection
views of IS with ""Tc-labeled AGAb (B),
as well as sections of 18F-FDG PET (C),
show focally increased, intense tracer up
take in left distal tibia.

MDP bone scan, was not able to differentiate between bone
infection and infection of neighboring soft tissue. Application
of a tomographic technique (i.e., SPECT) was not feasible in
these patients because of the low AGAb uptake and low
counting rate at this site of the peripheral skeleton. In contrast,
detection of small areas of osteomyelitis and clear differentia
tion between osteomyelitis and infection of the surrounding soft
tissue is possible with FDG PET due to the high spatial
resolution of the PET technique (Fig. 2). As a further advantage
of FDG PET in comparison with CT and MRI, metallic osseous
implants such as internal fixation in the vertebral column (Fig.
3) do not affect the excellent spatial resolution and the accuracy
of FDG PET in detecting chronic osteomyelitis, provided that
iterative reconstruction is applied as in our study.
In the most important result of our study, FDG PET is highly
accurate and superior to IS in diagnosing chronic osteomyelitis
in the central skeleton because normal bone marrow shows only
low glucose metabolism under physiologic conditions (35). In
all but one patient suspected to have chronic osteomyelitis in
the central skeleton, FDG PET could differentiate between bone

infection and infection of the surrounding soft tissue. In
contrast, IS showed one false-negative result in a patient with
spondylitis, and nine additional indeterminate findings were
mostly due to nonspecific photon-deficient areas. Because
chronic inflammation in the central skeleton is often followed
by destruction of the cells of the hematopoietic system and
replacement of normal bone marrow by fibrotic tissue, most
cases of chronic spondylitis show markedly decreased AGAb
uptake in the involved vertebral body (21 ), which is nonspecific
for infection. Besides active or chronic osteomyelitis, common
causes of such photopenic lesions in the central skeleton at
WBC and AGAb scintigraphy are previous surgery, fractures
(Fig. 3), avascular necrosis, postradiation therapy changes,
degenerative disease, bone tumors, hÃ©matologiedisorders and
bone marrow mÃ©tastases (J9-2l.3fi.40).
Further studies in
chronic vertebral osteomyelitis that will directly compare diag
nostic accuracy of FDG PET with sequential bone/gallium
imaging as radionuclide gold standard should be performed.
It must be mentioned that PET using the glucose analog
I8F-FDG is of limited value in discriminating between inflam-
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FIGURE 2. Scintigraphic images of 34yr-old man with chronic osteomyelitis of
right distal tibia and extensive soft tissue
infection after fracture (Patient 31, Table
1). (A) Delayed ""Tc-MDP
bone scan
(lateral view) shows intense tracer uptake
at this site. (B) On 24-hr Â¡mageof IS
(lateral view), superficial small zone of
increased AGAb uptake on anterior side
of right distal lower leg not corresponding
to site of increased MDP uptake was
classified as soft tissue infection. (C) At
18F-FDG PET, in addition to soft tissue
infection, small area of osteomyelitis is
shown in right distal tibia. Increased non
specific FDG uptake at skeletal muscles
of left lower leg is seen.

matory and malignant processes because tumor cells also show
high FDG accumulation (45), and FDG PET has been used
successfully in the detection of various cancers (46,47). There
fore, it might be difficult to differentiate, with FDG PET,
malignant primary bone tumors such as osteosarcoma from
acute or chronic osteomyelitis. In a recent study, however, FDG
PET has been reported to be capable of differentiating (to a
certain extent) benign from malignant intraosseous lesions
using semiquantitative analysis (29).
Further prospective studies are needed to determine the
cost-effectiveness of FDG PET in the diagnosis of chronic
osteomyelitis. Analysis of cost-effectiveness, thereby, has to
compare costs of PET with those of the combined three-phase
bone scan/AGAb or WBC scintigraphy and sequential bone/
gallium imaging for evaluation of chronic osteomyelitis in the
peripheral and central skeleton, respectively. Higher diagnostic
accuracy of FDG PET compared with other radionuclide
2150

imaging modalities should lead to an improvement
management accompanied by cost savings.

in patient

CONCLUSION

FDG PET enables noninvasive detection and demonstration
of the extent of chronic osteomyelitis with a high degree of
accuracy. It allows reliable differentiation between soft tissue
and bone infection. In the central skeleton, FDG PET is highly
accurate and superior to AGAb imaging in diagnosing chronic
osteomyelitis. Immunoscintigraphy with 99mTc-labeled AGAb
(preferentially in conjunction with a WmTc-MDP bone scan) is
a good method to verify or rule out chronic osteomyelitis in the
peripheral skeleton. However, in the central skeleton containing
active bone marrow, chronic osteomyelitis frequently presents
as a photopenic lesion at both WBC scintigraphy and IS with
AGAb, which is nonspecific for infection.
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FIGURE 3. Plain radiograph (A) and scintigraphic images (B and C) of 37-yr-old
man with chronic vertebral osteomyelitis
after fracture of 12th thoracic vertebra
and implantation of internal fixation (Pa
tient 16, Table 1). (B) At 24-hr postinjection image of IS (posterior view), defect of
AGAb uptake at TH 11/12 and L1 corre
sponds to bone marrow destruction after
fracture and surgery. (C) At 18F-FDG PET,
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increased FDG uptake demonstrates
spondylitis of 11th thoracic vertebra, as
well as infection of metallic implants and
surrounding soft tissue.

REFERENCES
1. Crim JR. Seeger LL. Imaging evaluation of osteomyelitis. Crii Ã„t'vDiagn Imaging
I994;35:20I-256.
2. Al-Sheikh W, Sfakianakis ON, Mnaymneh W, et al. Subacute and chronic hone
infections: diagnosis using In-Ill, Ga-67 and Tc99m MDP hone scintigraphy. and
radiography. Radiologi- 1985;I55:50I-506.
3. McAfee JG. What is the best method for imaging focal infections [Editorial]? J NucÃMed 1990;31:4I3-4I6.
4. Schauwecker D. The scintigraphic diagnosis of osteomyelitis. .-Im J Roentgenol
1992; 158:9-18.
5. Elgazzar AH. Abdel-Dayem HM, Clark JD. Maxon IIR 111.Multimodality imaging of
osteomyelitis. Eur J NucÃ-Med 1995:22:1043-1063.
6. Palestra CJ. Chun CK, Swyer AJ. Vallabhajosula S, Goldsmith SJ. Radionuclidc
diagnosis of vertebral osteomyelitis: indium-Ill
leukocyte and technetium-99mmethylene diphosphonate bone scintigraphy. J NucÃ-Med 1991:32:1861-1865.

7. Palestre JP. The current role of gallium imaging in infection. Semin NucÃ-Med
I994;24:I28-141.
8. Schauwecker DS. Osteomyelitis: diagnosis with In-111-labeled leukocytes. Radiology
1989:171:141-146.
9. Peters AM. The utility of f"""Tc]HMPAO-leukocytes
for imaging infection. Semin
NucÃ-Med 1994;24:110 -127.
10. Datz FL. Indium-111-labeled leukocytes for the dÃ©tectionof infection: current status.
Semin NucÃ-Med 1994:24:92 109.
11. Krznaric E, De Roo M, Verbruggen A. Stuyck J, Mortelmans L. Chronic osteomyelitis:
diagnosis with technetium-99m-D.L-hexamethylpropylene
amine oxime labelled leu
cocytes. Eur J NucÃ-Med 1996:23:792-797.
12. Kolindou A, Liu Y. Ozker K. et al. In-111 WBC imaging of osteomyelitis in patients
with underlying bone scan abnormalities. Clin .ViÂ«-/
Med 1996:21:183-191.
13. Palestra CJ. Roumanas P. Swyer AJ, Kim CK, Goldsmith SJ. Diagnosis of musculoskeletal infection using combined In-111 labeled leukocyte and Tc-99m SC marrow
imaging. Clin NucÃ-Med 1992:17:269-273.

FDG PET ANDAGAÃŸIMAGINGIN CHRONICOSTEOMYELITIS
â€¢
Guhlmann et al.

2151

14. Achong DM. Oales E. The computer-generated bone marrow subtraction image: a
valuable adjunct to combined ln-111 WBC/Tc-99m in sulfur colloid scintigraphy for
musculoskeletal infection. Clin NucÃ-Med 1994; 19:188-193.
15. Rculand P. Winker KM. Heuchert T. et al. Detection of infection in postoperative
orthopedic patients with technetium-99m-labeled monoclonal antibodies against granulocytes. J NucÃ-Med 1991:32:2209 2214.
16. Hot/e AL, Briele B, Overbeck B, et al. Technetiuni-99m-labeled
anti-granulocyte
antibodies in suspected bone infections. J NucÃ-Med 1992:33:526-531.
17. Becker W. Goldenbcrg DM, Wolf F. The use of monoclonal antibodies and antibody
fragments in the imaging of infectious lesions. Semin NucÃ-Med 1994:24:142-153.
18. Kaim A, Maurer T, Ochsner P. Jundt G. Kirsch E. Mueller-Brandt J. Chroniccomplicated osteomyelitis of the appendicular skeleton: diagnosis with technetium99m labelled monoclonal antigranulocytc antibody-immunoscintigraphy.
Eur J NucÃMetÃ-1997:24:732-738.
19. Jacobsen AF. Gilles CP. Cerqueira MD. Photopenic defects in marrow-containing
skeleton on indium-111 leucocyte scintigraphy: prevalence at sites suspected of
osteomyelitis and as an incidental finding. Eur J NucÃ-Mud 1992:19:858-864.
20. l)at/ t-'l.. Thorne DA. Cause and significance of cold bone defects on indium-llllabcled leukocyte imaging. J NucÃ-Med 1987:28:820-823.
21. Gratz S. Braun H-G. Behr TM, et al. Photopenia in chronic vertebral osteomyelitis with
technetium-99m-antigranulocyte
antibody (BW 250/183). J NucÃ-Med I997;38:211216.
22. Kubota R. Yamada S. Kubota K. Ishiwata K, Tamahashi N. Ido T. Intratumoral
distribution of fluorine-18-fluorodeoxyglucose
in vivo: high accumulation in macro
phages and granulation tissues studied by microautoradiography. J NucÃ-Med 1992;
33:1972-1980.
23. Yamada S, Kubota K. Kubota R. Ido T. Tamahashi N. High accumulation of
fluorine- 18-fluorodcoxyglucosc
in turpentine-induced inflammatory tissue. J NucÃMal 1995:36:1301 1306.
24. Jones HA, Clark RJ. Rhodes CG. Schofield JB. Krausz T, Haslett C. In vivo
measurement of neutrophil activity in experimental lung inflammation. Am J Respir
Crii Care Med 1994:149:1635-1639.
25. Tahara T, Ichiya Y, Kuwabara Y, et al. High ["F]-fluorodeo.xyglucose
uptake in
abdominal abscesses: a PET study. J Compai Assisi Tonmgr 1989:13:829-831.
26. (iuhlmann A, Storck M, Kot/erke J, Moog F. Sunder-Plassmann L. Reske SN. Lymph
node staging in non-small cell lung cancer: evaluation by ('"FJFDG positron emission
tomography (PET). Thorax 1997:52:438-441.
27. Brudin LH. Valind S-O. Rhodes CO, et al. Fluorine-18 deoxyglucose uptake in
sarcoidosis measured with positron emission tomography. Eur J NucÃ-Med 1994;21 :
297-305.
28. Palmer Wh, Rosenthal DI. Schoenberg Ol. et al. Quantitlcation of inflammation in the
wrist with gadolinium-enhanced MR imaging and PF.T with 2-[F-18]-fluoro-2-deoxyD-glucose. Radiology 1995:196:647-655.
29. Dehdashti F. Siegel BA. Griffith LK, el al. Benign versus malignant intraosseous
lesions: discrimination by means of PET with 2-(F-l8)fluoro-2-dcoxy-D-glucose.
Radiolog)' 1996:200:243-247.

30. SteinstrÃ¤sser A, Oberhausen E. Granulocyte labelling kit BW 250/183. Results of the
European multicenter trial. Nuklearmedizin 1996:35:1-11.
31. Schmidlin P. Improved iterative image reconstruction using variable projection
binning and abbreviated convolution. Eur J NucÃ-Med 1994:21:930-936.
32. Becker W. Borst U. Fischbach W. Pasurka B, SchÃ¤ferR. Borner W. Kinetic data of in
vivo labelled granuloeytes in humans with a murine Tc-99m-lahelled monoclonal
antibody. Eur J NucÃ-Med 1989; 15:361-366.
33. Joseph K. HÃ¶ffkenH. Bosslet K, Schorlemmer HU. In vivo labelling of granuloeytes
with ''''"'Te anti-NCA monoclonal antibodies for imaging inflammation. Eur J NucÃMed 1988:14:367-373.
34. llanley JA, McNeil BJ. A method of comparing the areas under receiver operating
characteristic curves from the same cases. Radiology 1983:148:839-843.
35. Guhlmann A, Brecht-Krauss D, Suger G, et al. Chronic osteomyelitis: detection with
FDG PET and correlation with histopathologic findings. Radiology 1998:206:749754.
36. Reske SN. Recent advances in bone marrow scanning. Eur J NucÃ-Med 1991:18:203221.
37. Lee KH, Chung JK, Choi CW. et al. Technetium-99m-labeled
antigranulocytc
antibody bone marrow scintigraphy. J NucÃ-Med 1995:36:1800-1805.
38. Chung JK, Yeo J, Lee DS, et al. Bone marrow scintigraphy using technetium-99mantigranulocyte antibody in hÃ©matologiedisorders. J NucÃ-Med 1996:37:978-982.
39. Huic D, Ivancevic V. Richter W-S. MÃ¼nzDL. Immunoscintigraphy of the bone
marrow: normal uptake values of technetium-99m-labeied monoclonal antigranulocyte
antibodies. J NucÃ-Med 1997:38:1755-1758.
40. Reskc SN. Karstcns JH, Gloeckner W. et al. Radioimniunoiinaging for diagnosis of
bone marrow involvement in breast cancer and malignant lymphoma. Lancet I989;2:
299-301.
41. Schauwecker DS, Park HM. Mock BH, et al. Evaluation of complicating osteomyelitis
with Tc-99m MDP. In-111 granuloeytes. and Ga-67 citrate. J NucÃ-Med 1984:25:849853.
42. Van Nostrand D, Abreu SH, Callaghan JJ, Atkins FB, Stoops HC, Savory CG.
In-111-labeled white blood cell uptake in noninfected closed fracture in humans:
prospective study. Radiology 1988:167:495-498.
43. Kim EE, Pjura GA. Lowry PA. Gobuty AH. Traina JF. Osteomyelitis complicating
fracture: pitfalls of " 'In leukocyte scintigraphy. Am J Roenlgenol 1987:148:927-930.
44. Seabold JE, Nepola JV. Marsh JL. et al. Postoperative bone marrow alterations:
potential pitfalls in the diagnosis of osteomyelitis with In-111-labeled leukocyte
scintigraphy. Radiology 1991:180:741-747.
45. Som P. Atkins HL, Bandophadhyah D. et al. A fluorinated glucose analog, 2-fluoro2-deoxy-D-glucose (F-18): non-toxic tracer for rapid tumor detection. J NucÃ-Med
1980:21:670-675.
46. Conti PS. Lilien DL, Hawley K. et al. PET and ['"FJ-FDG in oncology: a clinical
update. NucÃ-Med Bio! 1996:23:717-735.
47. Reske SN, Bares R, Bull U, Guhlmann A, Moser E, Wannenmacher MF. Clinical value
of positron emission tomography (PET) in oncology: results of an interdisciplinary
consensus conference [in German]. Nuklcarmedi:in 1996:35:42-52.

Requestfor NewData:MIRORadionuclideDataandDecaySchemes,secondedition
During1999,the SNMDepartmentof Communications
isplanningto publisha neweditionofMIRD
RadionucHde
DataandDecaySchemes.
DavidA.Weber,PhD,andcoauthorsintendto updateall radionuclidedataanddecayschemeswith the latestpeer-reviewedtabulations.Theyalsowill includenew
radionuclidesthat havebecomerelevantto the nuclearmedicinecommunityor wereoverlookedin the
currentedition.In viewof the substantialrevisionto this valuablenuclearmedicinereferencework,the
authorsarerequestingsuggestionsor recommendations
for additionalradionuclides,tabulardataor
otherinformationto appearin the newedition.Suggestionsandrecommendations
maybesentto
DavidA.Weber,PhD,RadiologyResearchFOLBII-E,
242145th St.,Universityof California-DavisMedical
Center,Sacramento,CA95817-6364(e-mail:daweber@ucdavis.edu).
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