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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 immu-
noscintigraphy (IS) with ""Tc-labeled monoclonal antigranulocyte

antibodies (AGAbs), in the detection of chronic osteomyelitis.
Methods: Fifty-one patients suspected of havingchronicosteomy
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.

Conclusion: In the peripheral skeleton, both FDG PET and com
bined 99mTc-AGAb/99mTc-MDP scanning are appropriate imaging

modalities to diagnose chronic osteomyelitis. FDG PET additionally
allows reliable differentiation between osteomyelitis and infection of
the surrounding soft tissue. In the central skeleton within active bone
marrow, FDG PET is highly accurate and superior to AGAb imaging
in the diagnosis of chronic osteomyelitis, which frequently presents
as a nonspecific photopenic lesion at scintigraphy with labeled white
blood cells.
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-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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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-oxine- or 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 musculoskel-
etal infection in patients with underlying, potentially marrow-
altering 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
phages that are present in areas of acute or chronic inflamma
tion take up the glucose analog 2-18F-fluoro-2-deoxy-D-glucose

(FDG) avidly (22-24), due to increased glycolytic activity.
Accordingly, FDG has been reported to accumulate in inflam
matory processes (25-29), such as abscesses (25,26), sarcoid-
osis (27) and joint inflammation (28), as well as osteomyelitis
(29). In this prospective study, findings of PET using FDG for
the detection of chronic osteomyelitis were compared with the
results of IS with 99mTc-labeled AGAb BW 250/183 (30) in
conjunction with delayed 99mTc-MDP bone scan.

PATIENTS AND METHODS

Patient Selection
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

Patientno.12345678910111213141516171819202122232425262728293031SexMMFMMFMMMMMFMMMMMMMFMMMFMFMMFFMAge(yr)29655880446539403874384639233837683660344377227158733865487834LocationP

(distalfemur)P
(tibia)C

(hipjoint)C
(proximalfemur)P

(patella)C
(spine)P
(tibia)C
(spine)P
(tibia)C
(rib)P
(hand)P
(hand)P
(tibia)C
(spine)C

(hipjoint/pelvis)C
(spine)P
(tibia)P

(kneejoint)C
(proximalfemur)P
(distalfemur)P

(tibia)P
(tibia)P
(tibia)P

(kneejoint)P
(distalfemur)C
(iliosacraljoint)P

(tibia)P
(calcaneus)P
(calcaneus)P

(anklejoint)P
(tibia)Previous

pathologyFractureFractureOsteoarthritisFractureTraumatic

dislocationTuberculosisODOSODSurgery

(pancreaticfistula)FractureFractureODODOSODFractureDistortion

(arthroscopy)FractureFractureODShin

splintinjuryODAN,

empyemaFractureOsteoarthritisFractureOSOSOSFractureRatings

(reader 1/reader2)PET4/44/40/11/10/04/44/44/44/44/44/44/44/40/03/44/44/40/04/40/00/01/14/40704/40/03/40/00/00/04/4IS4/44/40/12/20/02/24/42/24/42/23/34/43/30/02/42/24/41/02/24/42/00/02/32/24/40/04/41/00/00/01/1Final
diagnosis

(organism)OM

(1)*FiOM

(2)FiSoft
tissue infection(neg)No

infectionSoft
tissue infection(neg)OM(1)OM

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

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

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

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

infectionOM(1)No

infectionOM(1)Soft

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

(reader 1/reader2)PETTP/TPTP/TPTN/TNTN/TNTN/TNTP/TPTP/TPTP/TPTP/TPTP/TPTP/TPTP/TPTP/TPTN/TNTP/TPTP/TPTP/TPTN/TNTP/TPTN/TNTN/TNTN/TNTP/TPTN/TNTP/TPTN/TNTP/TPTN/TNTN/TNTN/TNTP/TPISTP/TPTP/TPTN/TNind/indTN/TNind/indTP/TPind/indTP/TPind/indTP/TPTP/TPTP/TPTN/TNind/TPind/indTP/TPTN/TNind/indFP/FPind/TNTN/TNind/TPind/indTP/TPTN/TNTP/TPTN/TNTN/TNTN/TNFN/FN

'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 histopatho-
logic 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).

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-18-
FDG 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/antimy-

elocyte monoclonal antibody BW 250/183 (Behringwerke AG,
Marburg, Germany) (30,32,33). The amount of protein was 0.3-
0.5 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

Patientno.1234567891011121314151617181920SexMMMMMFMMMMMMMFMFMFMMAge(yr)3358384156656236363050313729426834338154LocationP

(tibia)P
(tibia)C

(proximalfemur)P
(distalfemur)P

(tibia)C
(spine)C
(spine)P

(kneejoint)C
(spine)P
(tibia)C
(spine)P
(calcaneus)P
(tibia)P

(distalfemur)P
(foot)P

(kneejoint)P
(tibia)P

(kneejoint)P
(kneejoint)P
(tibia)Previous

pathologyFracture,

ODFracture,
pseudarthrosisOSFracture,

OSFractureTuberculosisOSOS

(arthroscopy)Fracture,
OSFracture,
ODOSFracture,

ODFractureFractureFractureOS

(arthroscopy)FractureOsteoarthritisShin

splintinjuryFractureRatings

(reader 1/reader2)PET4/44/40/04/42/14/44/40/02/24/40/04/40/04/4OVD0/04/40/00/00/0IS4/44/40/02/21/01/02/20/02/24/42/21/10/04/40/00/04/40/00/00/0Final

diagnosisOM

(1)*OM(1,2)FiSoft

tissueinfectionOM
(3)FiOM(1)OM(1)OM(1)Soft

tissueinfectionSoft
tissueinfectionOM(1)Soft

tissueinfectionOM(3)Soft

tissueinfectionOM(3)Soft

tissueinfectionNo
infectionOM(1)No

infectionSoft
tissueinfectionNo

infectionProbability

(reader 1/reader2)PETTP/TPTP/TPTN/TNTP/TPind/FNTP/TPTP/TPTN/TNind/indTP/TPTN/TNTP/TPTN/TNTP/TPTN/TNTN/TNTP/TPTN/TNTN/TNTN/TNISTP/TPTP/TPTN/TNind/indFN/FNFN/FNind/indTN/TNind/indTP/TPind/indFN/FNTN/TNTP/TPTN/TNTN/TNTP/TPTN/TNTN/TNTN/TN

"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.

Image Interpretation
Both FDG PET and IS studies were evaluated by visual

interpretation in a blind and independent manner by two board-
certified 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

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.

Statistical Analysis
Statistical analysis to show differences between both scinti-

graphic 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).

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-

FDG PET ANDAGAB IMAGINGIN CHRONICOSTEOMYELITISâ€¢Guhlmann et al. 2147



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.) Accuracy (%) Sensitivity (%)

Subgroup of patients FDG PET IS FDG PET IS FDG PET IS

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

Specificity (%)

FDG PET IS

AllpatientsReader
1Reader

2Peripheral
skeletonReader
1Reader

2Central
skeletonReader
1Reader

25151363615150.97

(0.03)0.97
(0.03)0.97

(0.04)0.97
(0.04)0.98

(0.02)1.00(0.00)0.87

(0.05)0.90
(0.05)0.91

(0.05)0.93
(0.05)0.71

(0.15)'0.77(0.14)'969697959310082888692738010097100959010086928993809095959595100100778282886060

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

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 hematopoi-
etic 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.

A Tc-99m MDP

R

B Tc-99m AGAb

R R

C [F-18]FDG-PET

Transaxial

*

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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A Tc-99m MDP B Tc-99mAGAb

â€¢

C [F-18]FDG-PET

Sagittal |

Transaxial

FIGURE 2. Scintigraphic images of 34-
yr-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

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

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 scin-
tigraphic 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 postinjec-

tion 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,

increased FDG uptake demonstrates
spondylitis of 11th thoracic vertebra, as
well as infection of metallic implants and
surrounding soft tissue.
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Requestfor NewData:MIRORadionuclideDataandDecaySchemes,secondedition

During1999,the SNMDepartmentof Communicationsisplanningto publishaneweditionofMIRD
RadionucHdeDataandDecaySchemes.DavidA.Weber,PhD,andcoauthorsintendto updateall radionu-
clidedataanddecayschemeswith the latestpeer-reviewedtabulations.Theyalsowill includenew

radionuclidesthat havebecomerelevantto the nuclearmedicinecommunityorwereoverlookedin the
currentedition. Inviewof the substantialrevisionto thisvaluablenuclearmedicinereferencework,the
authorsarerequestingsuggestionsor recommendationsfor additionalradionuclides,tabulardataor
otherinformationto appearin the newedition.Suggestionsandrecommendationsmaybesentto
DavidA.Weber,PhD,RadiologyResearchFOLBII-E,242145thSt.,Universityof California-DavisMedical
Center,Sacramento,CA95817-6364(e-mail:daweber@ucdavis.edu).
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