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Purpose: To evaluate retrospectively if there is additional diagnostic
value of fused single photon emission computed tomo-
graphic (SPECT) and computed tomographic (CT) images
in assessing possible bone metastases.

Materials and
Methods:

Institutional review board approval was obtained, and
each patient provided written informed consent. Bone
scintigraphy—including planar and SPECT imaging—and
CT were performed with a combined SPECT/CT system in
45 oncologic patients (24 men, 21 women; mean age, 64.7
years � 8.7), with a total of 42 metastatic bone foci and 40
benign foci. The reference standard was follow-up radio-
logic imaging. Two independent readers first analyzed only
bone scintigraphic images and next analyzed two separate
sets of bone scintigraphic and CT images. They then ana-
lyzed bone scintigraphic, CT, and fused images and fo-
cused on the additional value of fused images. Diagnostic
confidence for each lesion was scored. The three analyses
were performed 7 days apart, and the images were pre-
sented in random order at each session. The value of
additional fused images was assessed by using receiver
operating characteristic analysis.

Results: After review of fused images to classify indeterminate
lesions, reviewer 1 became more confident in diagnosis of
the 15 benign lesions and two metastases, and reviewer 2
became more confident in diagnosis of the seven benign
lesions and one metastasis. The area under the receiver
operating characteristic curve for reviewer 1 was 0.589 for
scintigraphic images, 0.831 for separate data sets of scin-
tigraphic and CT images, and 0.947 for fused images. The
corresponding areas under the receiver operating charac-
teristic curve for reviewer 2 were 0.771, 0.885, and 0.968,
respectively.

Conclusion: Results demonstrate the increased diagnostic confidence
obtained with fused SPECT/CT images compared with
separate sets of scintigraphic and CT images in differenti-
ating malignant from benign bone lesions.
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Metastases to bone are unfortu-
nately common (1,2), and the
frequency with which they are

detected varies considerably with the
method used (1). Positron emission to-
mography (PET) with fluorine 18 fluoro-
deoxyglucose, or FDG, has proved to be
successful for imaging various malignant
neoplasms, although bone scintigraphy
might be superior to FDG PET in the
detection of bone metastasis (1–8).
However, bone scintigraphy lacks spec-
ificity (1–3). Precise anatomic localiza-
tion of the radiotracer uptake may clar-
ify the nature of the abnormality (2–
4,9). This localization can be achieved
by means of image fusion between sin-
gle photon emission computed tomogra-

phy (SPECT) and computed tomogra-
phy (CT) (10–14). Image fusion is an
exciting area of study in which there is
the potential to positively influence pa-
tient care, particularly in patients with
cancer (11,13). In clinical practice,
however, image fusion may be difficult
to achieve because it requires various
steps (image transfer, reading, registra-
tion, and reslicing) that are not opti-
mized for all parts of the body and are
usually time consuming (10,15). Cur-
rent anatomic images may not be avail-
able at the time of the nuclear medicine
procedure (10). In addition, even with
external fiducial markers, registration
errors of functional and anatomic data
obtained separately with different de-
vices may occur as a result of variations
in patient positioning (16,17).

Recently, PET/CT has been intro-
duced (18), but SPECT might be valu-
able for clinical diagnosis in many cir-
cumstances (6–8,19–23). An anatomic
x-ray transmission system mounted on
a gamma camera has been introduced
(10). The x-ray-tube–based CT system,
however, has poor performance, and
the lower-resolution anatomic images
(approximately 4 mm) may often be in-
sufficient for image interpretation. To
create a robust mode for inherent regis-
tration between SPECT and high-reso-
lution CT images (approximately 0.7
mm), we have designed an imaging
system that combines a dual-head, gan-
try-free gamma camera with a multi–

detector row CT system; this imaging
system allows correct fusion of images
without the need to change the patient’s
position. Few studies have compared
the diagnostic accuracy of combined
SPECT/CT fusion and side-by-side read-
ing of SPECT and CT data. Thus, the
purpose of our study was to evaluate
retrospectively if there is additional di-
agnostic value in fused SPECT and CT
images for the assessment of possible
bone metastases.

Materials and Methods

Patients
From information acquired in our radio-
logic database between October 2002
and August 2003, we retrospectively re-
viewed bone scintigrams, including pla-
nar and SPECT images, and helical CT
images from 45 various oncologic pa-
tients (24 men and 21 women; age
range, 44–76 years; mean age, 65
years) who had been examined with our
combined SPECT/CT system (Table 1).
All patients had been referred to our
department (Kumamoto Regional Med-
ical Center, Kumamoto, Japan) for the
investigation of bone metastasis and
met the following criteria: (a) presence
of a histologically proved cancer but no
known bone metastasis and (b) pres-
ence of four or fewer foci of abnormal

Figure 1

Figure 1: (a) Schematic and (b) photograph of combined SPECT/CT system. SPECT and CT (MDCT)
scanners are adjacent, which obviates repositioning of patient because the CT patient table extends into gan-
try-free SPECT system.

Table 1

Malignancy Types among 45 Patients

Malignancy Type
No. of
Patients

Prostate cancer 9 (20)
Breast cancer 9 (20)
Lung cancer 7 (16)
Hepatocellular carcinoma 5 (11)
Colon and rectal carcinoma 4 (9)
Pancreatic cancer 4 (9)
Renal cell carcinoma 3 (7)
Thyroid cancer 2 (4)
Osteosarcoma 1 (2)
Nasopharyngeal carcinoma 1 (2)

Note.—Numbers in parentheses are percentages.
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radiotracer uptake at planar bone scin-
tigraphy. The bone lesions were consid-
ered metastases if an increase in tumor
size was confirmed with follow-up radio-
logic studies, including bone scintigra-
phy, CT, and magnetic resonance (MR)
imaging, with or without exacerbation
of clinical symptoms. According to
these criteria, 42 lesions were consid-
ered metastatic bone foci, and 40 were
considered benign foci (eg, osteoarthri-
tis, fracture, osteophyte) in these 45 pa-
tients.

Institutional review board approval
was obtained for both multiple imaging
studies and retrospective review of
these images. Each patient provided
written informed consent for both the
multiple imaging approach and the ret-
rospective data analysis. Results of the
imaging examinations were discussed
with the patients, and all patient ques-
tions were answered.

System Design
The combined SPECT/CT system incor-
porates a gantry-free SPECT scanner
(Skylight; ADAC Laboratories, Milpi-
tas, Calif) and an eight–detector row
CT scanner (LightSpeed Ultra; GE Med-
ical Systems, Milwaukee, Wis). The two
commercial devices were juxtaposed

such that the CT table could move with
the patient directly into the SPECT
scanner prior to CT scanning (Fig 1).

Bone Scintigraphy
Whole-body planar imaging in the ante-
rior and posterior positions was per-
formed 3 hours after the injection of
555 MBq (15 mCi) of technetium 99m
(99mTc) methylene diphosphate or at 2
hours after the injection of 555 MBq of
99mTc–hydroxymethylene diphospho-
nate. Scintigraphy was performed with
dual-head detectors equipped with a
low-energy, general-purpose, parallel-
hole collimator. On the basis of findings

on planar scintigrams, which showed a
small number of abnormal foci (four or
fewer), 45 patients underwent SPECT
imaging 30 minutes after planar imag-
ing. SPECT images were obtained at a
magnification factor of 1.25 in a 64 � 64
matrix. Sixty-four projections were ac-
quired at 6° intervals. The time re-
quired for acquisition of each projection
was approximately 30 seconds, and the
full study lasted 20 minutes. SPECT im-
ages were reconstructed with filtered
backprojection, and high-frequency noise
was decreased with postreconstruction
Butterworth filtering (cutoff, 0.50 cycle per
pixel; order, five) on a computer worksta-

Figure 2

Figure 2: Diagnostic confidence scores of three reviews each for reviewers (a) 1 and (b) 2. (1 � definitely not metastasis, 2 � probably not metastasis, 3 � indeter-
minate, 4 � probably metastasis, 5 � definitely metastasis.) Fused � fused bone scintigraphic and CT images, Negative � actually negative cases, Non-fused � sepa-
rate data sets of bone scintigraphic and CT images, Positive � actually positive cases, and S � bone scintigraphic images alone.

Table 2

Tracer Uptake Sites among Malignant and Benign Lesions

Metastases
(n � 42)

Benign Lesions
(n � 40)

Vertebral body 9 (21) 14 (35)
Pedicle 8 (19) 3 (7.5)
Vertebral body and pedicle 8 (19) 2 (5.0)
Facet joint 3 (7) 10 (25)
Rib 7 (17) 6 (15)
Femur 4 (10) 3 (8)
Pelvis 3 (7) 2 (5)

Note.—Numbers in parentheses are percentages.
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tion (Pegasys; ADAC Laboratories). Atten-
uation correction with use of CT images
was performed with software (Hyogo CM
Attenuation Correction; Hyogo College of
Medicine, Nishinomiya, Hyogo, Japan)
(24) on the computer workstation.

CT Scanning
Unenhanced CT scanning (120 kV, 140
mA, 0.7-second per rotation, 2.5-mm
collimation, and 5-mm reconstruction)
was performed in the helical mode with
a table speed of 17.5 mm per rotation.
CT images were reconstructed with a
standard reconstruction algorithm and
a 512 � 512 matrix, 35–40-cm field of
view for image fusion, and 50-cm field of
view for attenuation correction.

Image Fusion: SPECT and CT
Image fusion was performed with a ded-
icated workstation (Dr.View; Asahika-
sei, Tokyo, Japan). Internal anatomic

structures seen on both CT and SPECT
images were used to determine the geo-
metric transformation. Anatomic struc-
tures chosen as internal markers in-
cluded bones, kidneys, and the urinary
tract. Image fusion was confirmed in
transverse, sagittal, and coronal planes
on the computer display by means of
consensus of two diagnostic radiologists
(D.U., S.T.). One radiologist (D.U.) had
9 years of experience, and the other
(S.T.) had 20 years of experience in
both nuclear medicine and CT imaging.

Image Analysis
Images were retrospectively and inde-
pendently interpreted by two board-
certified radiologists (M.I., S.S.), with
knowledge of the patient’s history of
malignancy. Reviewer 1 (M.I.) had 6
years of experience, and reviewer 2
(S.S.) had 10 years of experience in
both nuclear medicine and CT imaging.

First, the reviewers read bone scin-
tigraphic images, including planar and
SPECT images. Second, 7 days later,
the reviewers interpreted scintigraphic
images and helical CT images sepa-
rately. Third, a further 7 days later, the
reviewers interpreted all three types of
images, including scintigraphic images,
CT images, and fused SPECT/CT im-
ages, focusing on the additional value of
fused images in differentiating between
benign and metastatic radiotracer up-
take. The images were presented in
random order to each of the readers at
each session. Before the image interpre-
tation, five training cases not included in
the observer test were distributed to
the observers to familiarize them with
the scoring system. Each reviewer re-
corded his degree of confidence as to
whether a site of abnormal radiotracer
uptake represented a bone metastasis in
each image interpretation session. Diag-
nostic confidence for each lesion was
scored with a five-point scale: 1, definitely
not metastasis; 2, probably not metasta-
sis; 3, indeterminate; 4, probably metas-
tasis; and 5, definitely metastasis. No
time constraints were placed on the re-
viewers. Lesions in which diagnostic con-
fidence was scored as 4 or 5 were counted
as metastasis. Lesions in which diagnostic
confidence was scored as 1 or 2 were
counted as benign. We assessed whether
fused images enabled reviewers to reclas-
sify the indeterminate lesions on non-
fused images. Reasons for scoring error
were also assessed.

For objectivity and reproducibility
of the image analysis, the criteria for
classifying a bone lesion as benign or
malignant were determined. The crite-
ria for bone scintigraphy were the fol-
lowing: (a) radiotracer uptake greater
than that in the anterior iliac spine was
considered to indicate malignancy, and
(b) radiotracer uptake equal to or lower
than that in the anterior iliac spine and
radiotracer uptake that involved both
sides of the joint (eg, knees, hands, and
wrists) were considered to indicate be-
nignancy. The criteria for CT images
were the following: (a) an osteolytic le-
sion with soft-tissue mass or a sharply
delineated osteoblastic lesion and a le-
sion that showed asymmetric increased

Figure 3

Figure 3: Images of 70-year-old man with pancreatic cancer. (a) Posterior planar scintigram and (b) trans-
verse SPECT image show bilateral foci of increased tracer uptake in thoracic vertebra (arrows). (c) Transverse
CT image shows no apparent bone lesion. (d) Transverse fused image shows precise localization of abnormal
tracer uptake in articular facets of head of rib (arrows). This finding was suggestive of osteoarthritis. Later
bone scans and 1 year of disease-free follow-up helped confirm the absence of bone metastasis.
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density of bone marrow were consid-
ered to be malignant, and (b) a partial
sclerotic lesion with angular or indis-
tinct margin was considered to be be-
nign (eg, osteophyte, arthritis, compres-
sion fracture). When the interpretation
on bone scintigrams disagreed with that
on CT images in the second review, the
interpretation at bone scintigraphy was
used. When accurate localization of ra-
diotracer uptake on fused images clari-
fied the nature of the lesion, the re-
viewer changed the score.

Statistical Analysis
The degree of agreement between the
two reviewers was measured with the �
statistic. � values were reported as fol-
lows: 0, agreement is a random effect;
less than 0.20, poor agreement; 0.21–
0.40, fair agreement; 0.41–0.60, mod-
erate agreement; 0.61–0.80, substan-
tial agreement; and 0.81–1.00, almost
perfect agreement (25). For the calcula-
tion of � values, SAS 8.01 for Windows
(SAS Institute, Cary, NC) was used.

The value of additional information

provided by fused bone scintigraphic and
CT images was assessed by means of re-
ceiver operating characteristic (ROC)
analysis. The index of performance for
each reading session was the area under
the ROC curve (Az). The Az value and its
confidence interval was estimated with
the DeLong, DeLong, and Clarke-Pearson
method (26). Our study was a diagnostic
assessment with patient-clustered data,
and, thus, the bootstrap resampling ap-
proach with 10 000 iterations was used for
estimating the bootstrap mean Az and con-
fidence interval (27,28). Calculation of Az

values was performed with software (Ac-
cROC 2.4; Accumetric, Motreal, Quebec,
Canada). ROC curves were generated by
using Rockit software (beta version 0.9.1;
Charles E. Metz and Benjamin A. Herman,
University of Chicago, Chicago, Ill).

Results

Image Analysis

Radiotracer uptake information is sum-
marized in Table 2. A total of 82 areas of
abnormal tracer uptake were depicted

in 45 patients on planar scintigraphic
images. Each reader identified all 82 le-
sions. Twenty patients had a single le-
sion, 15 had two lesions, eight had three
lesions, and two had four lesions. Diag-
nostic confidence scores for each re-
viewer are shown in Figure 2.

After additional review of fused
scintigraphic and CT images, reviewer 1
reclassified 17 indeterminate lesions on
nonfused images as benign (15 lesions)
or malignant (two lesions). Eight of
these 15 benign lesions were arthritis
(Fig 3), five were a compression frac-
ture of a vertebral body (Fig 4), one was
an old rib fracture, and one was degener-
ation of a vertebral body. Two metastatic
lesions were visible as slightly sclerotic or
erosive changes on CT images (Fig 5).
After additional review of fused scinti-
graphic and CT images, reviewer 2 re-
classified eight indeterminate lesions on
nonfused images as benign (seven le-
sions) or malignant (one lesion). Four of
these seven benign lesions were arthritis,
one was a compression fracture of a ver-
tebral body, one was an old rib fracture,

Figure 4

Figure 4: Images of 63-year-old man with prostate cancer. (a) Anterior planar scintigram and (b) coronal SPECT image show increased tracer uptake (arrow) in the
lumbar vertebral body. (c) Coronal reformatted CT image shows compression fracture in third lumbar vertebral body. (d) Coronal fused image shows precise localization
of abnormal tracer uptake in end plate of third lumbar vertebral body (arrow). (e) Transverse fused image shows no pedicle involvement. Findings on fused images were
suggestive of compression fracture due to osteoporosis. Results of MR imaging and later bone scanning helped confirm the absence of bone metastasis.
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and one was degeneration of a vertebral
body. One metastatic lesion was visible as
slightly sclerotic change on CT images.
Assessment of the reclassification of these
indeterminate lesions showed that a re-
view of fused images enabled reviewers to
be more confident in the characterization
of these lesions. For five of 42 metastatic
lesions, reviewer 1 rendered a false-nega-
tive diagnosis. Three of these five lesions
were undetectable on CT images, one ap-
peared slightly sclerotic on CT images,
and one was near the joint of the head of
the rib. For four of 42 metastatic lesions,
reviewer 2 rendered a false-negative diag-
nosis. Three of these four lesions were
undetectable on CT images, and one was
near the joint of the head of the rib.

Interreviewer Agreement
� values for the differentiation between
benign and malignant foci were 0.343
for scintigraphic images, 0.678 for sep-

arate data sets of scintigraphic and CT
images, and 0.762 for fused images. In-
terreviewer agreement for separate
data sets and fused images was consid-
ered to be substantial.

ROC Analysis
The Az for reviewer 1 was 0.589 (95%
confidence interval: 0.470, 0.708) for
scintigraphic images, 0.831 (95% confi-
dence interval: 0.737, 0.925) for sepa-
rate data sets of scintigraphic and CT
images, and 0.947 (95% confidence in-
terval: 0.901, 0.992) for fused images
(Fig 6a). The Az for reviewer 2 was
0.771 (95% confidence interval: 0.671,
0.871) for scintgraphic images, 0.885
(95% confidence interval: 0.810, 0.960)
for separate data sets of scintigraphic
and CT images, and 0.968 (95% confi-
dence interval: 0.932, 1.003) for fused
images (Fig 6b).

Discussion

Imaging modalities are commonly dif-
ferentiated as providing either func-
tional or anatomic information (10–14,
16,17,29). Bone scintigraphy is a well-
accepted functional imaging method for
uncovering a variety of bone lesions (1–
5,30). However, differentiating be-
tween bone metastasis and a benign le-
sion may often be difficult (1,30). The
location of lesions on SPECT/CT images
provides useful information to help dif-
ferentiate these two conditions (31).
SPECT imaging is often insufficient for
the precise localization of bone lesions;
hence, correlation with anatomic im-
ages such as CT scans or MR images is
often necessary to increase the specific-
ity of scintigraphic findings (1).

There is little doubt in the minds of
most nuclear medicine and radiology
specialists that the fusion of images ac-
quired with separate modalities can be
a considerable help in guiding patient
care (11,17). However, it is clear that
fused images are not required for all
imaging studies. Therefore, it is neces-
sary to identify the clinical areas in
which image fusion is most effective in
influencing patient care and outcome
(11).

To our knowledge, comparison of
SPECT/CT fusion and side-by-side read-
ing of SPECT and CT data has been the
subject of few studies (32). The results
of our study showed that the fused im-
ages led to an improved ability of re-
viewers to differentiate malignant from
benign bone lesions. The information
gained by SPECT and CT image fusion
was greater than the sum of their indi-
vidual contributions. Additional review
of fused images allowed for the precise
localization of abnormal radiotracer up-
take and enabled observers to be more
confident of the lesion characteristics.
Fused images facilitated the differentia-
tion of benign from metastatic foci that
were difficult to differentiate on scinti-
graphic and CT images viewed side by
side. We found that fused images were
especially useful for differentiating os-
teoarthritis. Metastatic foci that repre-
sented slight changes and that were
overlooked on two separate sets of scin-

Figure 5

Figure 5: Images of 66-year-old woman with osteosarcoma of the scapula. (a) Posterior planar scintigram
and (b) transverse SPECT image show a focus of increased tracer uptake near joint of the head of the rib (ar-
row). (c) Transverse CT image shows a small osteolytic site in head of the rib (arrow). (d) Transverse fused
image shows abnormal radiotracer uptake in the osteolytic site (arrow). This finding on fused image was sug-
gestive of bone metastasis. Later bone scans and CT scans helped confirm the bone metastasis.
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tigraphic and CT images could be de-
tected on fused images. An additional
benefit of fused images is that spatially
registered SPECT and CT images can be
used to generate attenuation maps to
correct attenuation errors in SPECT im-
ages (10,24,33–35). We believe the ex-
tra radiation can be justified if the CT
scans were used not only for image fu-
sion but also for attenuation correction
purposes.

False-negative interpretations of
fused images in our study were the re-
sult of a metastatic lesion located near
the articulation or a metastatic lesion
being undetectable on CT images.
These false-negative cases are pitfalls in
image interpretation of bone lesions.
Abnormal foci near the articulations on
bone scintigrams should be carefully in-
terpreted. Positive bone scintigrams
that showed findings not detected on CT
images might require intensive fol-
low-up studies or MR imaging.

Our study had several limitations.
First, a detailed histopathologic analysis
was not possible. We confirmed bone
metastasis on the basis of radiologic
studies and the subsequent clinical
course. Second, we excluded patients
who had more than five foci of abnormal
radiotracer uptake. A large number
(five or more) of abnormal foci was
more likely to represent bone metasta-
ses (1). We considered that, in such
cases, there was little need for formal
registration or acquisition of a com-
bined scan. This may have influenced
the diagnostic performance and inter-
observer agreement for bone scintigra-
phy. Reviewer 2 was more experienced
in interpretation of nuclear medicine
images than was reviewer 1, which may
also have contributed to the poor inter-
observer agreement for scintigraphic
images alone. Third, potential registra-
tion errors in the thorax were due to
breathing. Because a SPECT scan is an
image created with data acquired over
many breathing cycles, the fusion of
SPECT images with CT images would
require respiratory gating of the SPECT
scan. However, this is not a promising
approach owing to the substantial re-
sultant increase in imaging time. In our
study, it was feasible to achieve reason-

able image fusion in the thorax region in
all cases. Fourth, a combined SPECT/CT
system is not commonly used owing to
its increased cost and comparative lack
of availability. Moreover, we performed
image fusion manually, and we con-
firmed the fusion by means of consensus
of two radiologists. This is a time-con-
suming procedure that might limit the
routine use of this technique. In recent
years, there has been considerable
progress in the development of fusion
software to coregister different imaging
modalities (17). Improved software al-
gorithms are imperative to enable auto-
matic and robust image fusion.

In conclusion, fusion of bone SPECT
and CT scans offers an important ad-
vantage over assessment of two sepa-
rate data sets for improved anatomic
localization of a suspected site of in-
creased radiotracer uptake at bone
scanning. This provides increased diag-
nostic confidence in differentiating be-
tween malignant and benign lesions
when analyzing findings of scans per-
formed in oncologic patients.
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