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Objective Attenuation correction of PET data requires
accurate determination of the attenuation map (pmap),
which represents the spatial distribution of linear
attenuation coefficients of different tissues at 511 keV.
The presence of high-density metallic dental filling
material in head and neck X-ray computed tomography
(CT) scanning is known to generate streak artefacts

in the resulting CT images and thus in the corresponding
pmaps generated using CT-based attenuation correction.
Consequently, an under/overestimation of activity
concentration occurs in corresponding regions

of the corrected PET images. The purpose of this study

is to develop a simple yet practical approach for reduction
of metallic dental implant artefacts in the generated pmaps.

Methods Currently available sinogram-based metal
artefact reduction (MAR) algorithms operate directly

on the raw sinograms. These usually consist of huge
files stored in proprietary format not easily disclosed
by the manufacturers and thus are not straightforward
to read and manipulate. The proposed method uses
the concept of virtual sinograms produced by forward
projection of CT images in Dicom format for MAR.

The projection data affected by metallic objects are
detected in the sinogram space through segmentation
of metallic objects in the CT image followed by forward
projection of the metal-only image. Thereafter, the
affected sinogram bins are replaced by interpolated values
from adjacent projections using the spline interpolation
technique. The algorithm was assessed using a
polyethylene phantom containing materials simulating
different tissues and a dedicated jaw phantom scanned
before and after the insertion of metallic objects, where
the corrected and noncorrected pmaps were compared
with the artefact-free pmap. In addition, the Jaszczak
and standard germanium phantoms including four metallic
inserts were scanned on a PET/CT scanner to evaluate
the impact of the MAR procedure on PET data through
the comparison of uncorrected and corrected PET
images to the actual activity concentrations in the

Introduction

The introduction of dual-modality PET/computed
tomography (CT) scanners combining the power of two
complementary modalities to overcome the limitations of
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phantoms. The proposed algorithm was also applied to
head and neck CT images of 10 patients with metallic
dental implants.

Results The MAR method proved to be practical

in a clinical setting and reduced substantially the visible
metal induced artefacts. The mean relative error in regions
close to metallic objects is reduced by approximately
90%. The statistical analysis of the Jaszczak and solid
Ge-68 phantoms PET images did not reveal statistically
significant differences between the corrected and
artefact-free images (P>0.05). Moreover, the evaluation
of clinical studies did not reveal statistically significant
differences between the attenuation coefficients of the
corrected pmaps and the expected theoretical values.

Conclusion The proposed MAR method provides a simple
and convenient approach allowing correction for the
presence of metal artefacts caused by dental implants
without the need to manipulate the complex raw CT data.
Further evaluation using a larger clinical PET/CT database
is under way to evaluate the potential of the technique in
a clinical setting. Nuc/ Med Commun 31:22-31 © 2010
Wolters Kluwer Health | Lippincott Williams & Wilkins.
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each technique alone is considered as one of the
revolutionary technical advances that stimulated the
wider clinical acceptance of molecular imaging [1].
Combining functional images with anatomic localization
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of metabolic abnormalities via hardware PET/CT image
registration was shown to dramatically improve the
potential of PET imaging for diagnosis, staging and
restaging, assessment of response to therapy, surgery
and treatment planning and prognosis assessment [2].
In addition, CT images can be utilized for attenuation
correction (AC) of the corresponding PET data. The
conversion procedure used for generating an attenuation
map (umap) from CT images involves three main steps:
down sampling, energy mapping and smoothing. However,
in the presence of highly attenuating objects (having a
high atomic number), some dark and bright streaks
appear in the reconstructed CT images. This is referred
to as metal artefact, which is because of an inappropriate
number of photons reaching the detectors. The most
important cause of metal artefacts is beam hardening.
Metallic implants such as hip prostheses, surgical clips and
dental fillings induce this type of artefacts and lead to a
discrepancy between reconstructed Hounsfield units and
the actual attenuation coefficients. Hence the presence
of metallic objects in the field-of-view of the CT scanner
can lead to the wrong assessment of active abnorm-
alities in the corresponding regions [3,4]. Although the
less visible artefacts may not affect the visual quality of
attenuation corrected PET images to a great extent [5],
reduction of various sources of error and artefact will re-
duce the bias for the accurate quantification of PET data.

Metal artefact reduction (MAR) is essential to derive a
reliable pmap for accurate C'T-based attenuation correction
(CTAC) of the PET data. Several techniques have been
proposed for MAR [6]. These methods can be categorized
in two main classes, namely sinogram-based and image-
based methods. In sinogram-based methods, the correction
procedure is implemented in sinogram space. Linear
interpolation of the missing projection data belongs to
this category of methods [7,8]. Because of the considerable
difference between CT numbers of metallic objects and
those of biological tissues, metallic objects can be easily
segmented using simple thresholding techniques. The
segmented image is then forward projected to estimate
artificial projections, which are affected by metallic objects.
These affected projections are then replaced by estimates
derived by linear interpolation of neighbouring projection
data along the same projection angle. Finally, the corrected
CT image is reconstructed from the interpolated sinogram
using the inverse radon transform. Cubic spline interpola-
tion of unaffected projections is another way of replacing
the missing projections [9]. Replacing missing projections
by their unaffected correspondence is another method
belonging to the same category of methods [10]. In this
technique, instead of using an interpolation algorithm,
the missing projections are replaced by their corres-
ponding unaffected projections, that is, the opposite
angular position in spiral scanning and the same angular
position of the next slice in step scanning,.
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The second group of MAR methods operates in image
rather than in sinogram space. Iterative deblurring
[11], methods using wavelets [12,13], knowledge-
based techniques [14], segmentation [15] and pattern
recognition-based techniques [16] are some examples of
methods belonging to this category. In these approaches,
artefacts are treated as unwanted objects to be removed
using enhancement methods. Obviously the degree of
enhancement is limited to the accuracy of the applied
algorithm. A precise detection of regions affected by
metallic artefacts is a complicated task owing to the
intrinsic ambiguities between CT numbers of artefacts
and surrounding tissues.

The main challenge in implementing sinogram-based
methods is the need to manipulate huge raw CT
projection data, which are usually stored in manufacturer
encrypted proprietary format. This makes the practical
implementation of MAR algorithms exhausting and
dependent on the scanner’s brand. The aim of this study
is to assess the performance and potential benefits of
the virtual sinogram-based MAR method to generate
artefact-free pmaps. It should be emphasized that this
technique is not meant to generate metal artefact-free
CT images of diagnostic quality, but rather to provide
artefact-free pmaps suitable for accurate CTAC of the
corresponding PET images.

Methods

Metal artefact reduction algorithm

The proposed method uses the concept of virtual
sinograms for implementation of MAR, which are
produced by forward projection of CT images in two-
dimensional. This procedure is performed using a
MATLAB (The MathWorks Inc., Natick, Massachusetts,
USA) routine, which generates fan beam projection data
from input images according to a predefined acquisition
geometry. The geometry and projection parameters
used in this procedure are similar to those of the scanner.
The dimension of the sinogram matrix depends on the
number of detectors and the difference (in degrees)
between two successive steps of the forward projection
process. These parameters were chosen to mimic those of
the actual CT scanner.

Metallic objects present in CT images are segmented
to allow detection of projection data affected by them in
sinogram space. As the CT numbers (Hounsfield units)
related to metallic objects are considerably higher than
those of other tissues, image segmentation is performed
using simple thresholding to extract a metal-only image
(Fig. 1a and b). Thereafter this image is forward projected
in 360° to obtain a sinogram corresponding to metallic
objects. The same geometry and projection parameters
are used in this procedure. In the obtained sinogram,
sinogram bins associated with image pixels not affected
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Detection of projections affected by metallic objects: (a) original
computed tomography image, (b) metal only image, (c) original
sinogram and (d) metal-only sinogram.

by metallic objects are assigned a nil value. Consequently,
the pixels with intensities greater than zero reflect the
sinogram bins affected by metallic objects (Fig. 1c and d)
given that the sinogram bins are calculated from line
integral of pixels they pass through.

The next step is to replace these sinogram bins in the
original sinogram by appropriately scaled values. To do
so, the affected sinogram bins are replaced by inter-
polated estimates from adjacent bins using the spline
interpolation technique. Spline interpolation is a potent
method to join discontinuous data, which uses poly-
nomials to fit an appropriate curve to the whole data [17].
In comparison with other interpolation methods, splines
result in the best replacement of missed projections in
the corrected sinogram. The corrected sinogram is then
reconstructed to generate an artefact-free CT image,
which is then converted to a pumap as described above.
The reconstruction algorithm used is based on a filtered
back projection Matlab routine which utilizes the inverse
radon transform where the elements of the sinogram
matrix are backward projected to the image matrix. The
reconstruction procedure assumes that the projections
are collected for a fan-beam geometry. The obtained
image matrix has the same size as the original C'T image
given that the same geometry and parameters are used
by both forward and backward projection operators.

As described earlier, three steps are performed to produce
the pmap from the corrected CT images. The first step
consists in equalizing the size of the CT and PET
images. This is achieved by down-sampling the corrected
CT image by a factor of four. The linear attenuation
coefficient measured with CT is calculated at the X-ray
effective energy rather than at 511 keV. It is therefore

necessary to convert linear attenuation coefficients of
the CT scan to those corresponding to 511keV in the
second step [6,18]. In this study, a bilinear calibration
curve is used for energy conversion, which is utilized
by most commercial PET/CT scanners. The last step
consists in matching the spatial resolution of the CT and
PET images. A Gaussian filter with an appropriate kernel
size is applied to the pmap to achieve this goal.

For the cylindrical polyethylene and jaw phantom studies,
the pmap obtained without metallic inserts is compared
with the pumap produced by the MAR corrected image.
The comparison was performed by defining 28 regions
of interest (ROIs) in different areas of the polyethylene
phantom and 25 ROIs in different areas of the jaw
phantom including teeth, bones, areas deteriorated by
artefacts and artefact-free areas. The ROI statistics were
analyzed for both the corrected and artefact-free images
and the results reported on box and whisker plots.
Likewise, reconstructed PET images of the Jaszczak
phantom were assessed through comparison of the
actual activity concentration within the phantom with
the measured activity concentrations of 50 ROIs in the
corrected PET images. A two-tailed paired 7-test was
used to assess statistically significant differences between
the uncorrected/corrected images and artefact-free
images acquired without metallic inserts.

For the clinical studies, in the absence of a gold standard
for assessment, the resulting pmaps were analyzed by
defining 25 ROIs in regions surrounding teeth and
jawbone, which includes soft tissue. The calculated
attenuation coefficients in these regions were compared
with the expected theoretical attenuation coefficients of
soft tissue at 511 keV using paired #-test statistical analysis.

Phantoms and scanning protocols

Four phantoms were used in this study to assess the
performance of the proposed MAR algorithm through
assessment of the generated pmaps and PET images. The
first phantom is a 25 cm diameter cylindrical polyethylene
phantom consisting of 16 syringes of 20 mm in diameter,
filled with different concentrations of K,HPO, solution
to simulate different tissues of the human body, ranging
form soft tissue to bone (Fig. 2). To simulate typical
metallic artefacts in CT images, five metal inserts were
placed in the middle of the phantom.

To assess the effect of metal streak artefacts caused
by dental fillings on the accuracy of CTAC, a jaw phantom
was designed and constructed. This 20cm diameter
phantom is made of a cylindrical plexiglas (4 cm in height)
and consists of 16 syringes with different diameters filled
with K,HPOy solution with two different concentrations
(Fig. 3). Eight and six syringes with diameters of 7 and
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Fig. 2

Photograph of the cylindrical polyethylene phantom consisting of
16 syringes filled with different concentrations of K;HPO, solution
simulating different biological tissues.

Fig. 3

Photograph of the jaw phantom containing 16 syringes filled with
different concentrations of K,HPO, solution simulating teeth and
jaw bone.

10mm, respectively, were filled with a concentration
of 1800 mg/cm® of K,HPO, solution simulating teeth and
two syringes with a diameter of 20mm was filled with
900 mg/cm® concentration mimicking jaw bone. These
inserts were arranged in a form that is approximately similar
to a real jaw. To simulate metallic artefacts in C'T images
realistically, GK-110 dental amalgams manufactured by
AT & M Biomaterials Co. Ltd. (Beijing, China), were
inserted within the posterior teeth.

A clinical GE LightSpeed VCT 64 slice X-ray CT scanner
(General Electric Healthcare Technologies, Waukesha,
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Wisconsin, USA) was used to scan the above-described
phantoms. CT data were acquired twice (with and
without metal inserts) in the same position using the
same protocol used on the combined PET/CT system,
namely 120 kV,, and 200 mAs. The scan without metallic
inserts was performed to obtain an artefact-free image
as a reference to which the MAR corrected images are
compared. These phantoms were used to evaluate the
pmaps generated from corrected CT images.

The Jaszczak phantom including metallic objects was
also scanned on a PET/CT scanner to assess the impact
of the MAR procedure on PET data through comparison
of uncorrected and corrected PET images with the actual
activity concentration in the phantom. The homogeneous
compartment of the cylindrical phantom was filled with
a mixture of fluorine-18 and water to reach an activity
concentration of 16.67 kBg/cc. Four metallic inserts were
placed inside the phantom to produce metallic arte-
facts. This experiment was performed only once in the
presence of the metallic insertions owing to the fact that
removing the insertions without phantom displacement
was impracticable.

A solid cylindrical Ge-68 phantom having a volume of
6100 cc and an activity concentration of 8305.8 Bg/cc at
scan time was also used for the assessment of the pro-
posed algorithm. Four metallic rods were placed within the
phantom to generate typical metal related artefacts. Similar
to the previous experiment, the phantom was scanned only
once in the presence of metallic rods.

The Jaszczak and solid Ge-68 phantoms were scanned
on a Biograph 64-slice PET/CT scanner (Siemens
Medical Solutions, Erlangen, Germany). The CT scan
was performed at 120kV,, and 160 mA, whereas the PET
emission data was acquired during 40 min. The images
were reconstructed using the attenuation weighted
ordered subsets-expectation maximization (AW-OSEM)
iterative reconstruction technique where both uncor-
rected and corrected CT images were applied for
attenuation correction.

Clinical studies

CT images of 10 patients presenting with metallic dental
implants were used. After the correction of these images,
the corresponding pmaps were obtained and compared
with expected theoretical attenuation coefficients of bio-
logical tissues in the absence of a gold standard. The mass
attenuation coefficients of these tissues were calculated
at 511keV by means of the XCOM photon cross-section
library [19] using human tissue composition data from
ICRU 44 report [20]. The linear attenuation coefficients
are then obtained by multiplying the mass attenuation
coefficients by the density of the corresponding tissue.
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It should be noted that, at this stage, our objective was
to evaluate the performance of the algorithm in terms
of artefact reduction achieved on pmaps obtained from
clinical CT images. PET data of the Jaszczak phantom
were also used to show that the correction of the pumap
actually reduces the artefacts on the corresponding PET
images. Application of the technique on clinical head
and neck PET/CT data is ongoing; however, this pros-
pective study will take time to collect a statistically
relevant number of patients.

Results

The MAR algorithm was applied to CT images of the
polyethylene and jaw phantoms containing metallic
inserts followed by generation of the pmap (Figs 4 and 5).
The MAR corrected C'T images show substantial reduction
of artefacts clearly visible on the original images. Likewise,
the corresponding pmaps generated follow the same trend
where only slight visible artefacts can be observed.

The quantitative analysis was performed using 28 ROlIs
defined on regions simulating different tissues of the
human body and other regions including metal artefact
in the polyethylene phantom. Likewise, 25 ROIs were
defined on the jaw phantom in regions corresponding to
jaw bones, posterior and anterior teeth, regions affected
by artefacts inside the teeth, regions affected by arte-
facts outside the teeth and regions unaffected by artefacts.
The same ROIs were also defined on the original,
corrected and artefact-free pmap for both phantoms.

Fig. 4

The mean values, standard deviations and standard
errors for the ROIs defined on both the phantoms are
reported in box and whisker plots to illustrate the
relative difference between the original and the arte-
fact-free pmaps (Fig. 6a and Fig. 7a) and between the
MAR corrected and the artefact-free pmaps (Fig. 6b and
Fig. 7b), respectively. As the results seem to suggest, the
mean and standard deviation of the relative error are
considerably reduced after the application of the MAR
correction procedure.

The reconstructed CT and PET images of the Jaszczak
and Ge-68 phantoms are illustrated in Figs 8 and 9,
respectively. Metal artefacts observed on the uncorrected
CT image give rise to typical metal related artefacts
in the corresponding PET image (arrows in Fig. 8c and
Fig. 9c¢). Table 1 summarizes the statistical analysis
results of the Jaszczak and germanium phantoms.
P values are obtained from a two-tailed paired 7-test
analysis to assess statistically significant differences
between the uncorrected/corrected images and artefact-
free images acquired without metallic inserts. The actual
activity concentration and mean and standard deviations
for 50 ROIs defined on the corrected PET images of
the phantoms are also given.

The proposed algorithm was also applied to 10 clinical
CT images presenting with metal dental implants.
Figures 10 and 11 illustrate typical results showing
MAR results on the CT images and the corresponding

Computed tomography (CT) images and attenuation maps (umaps) obtained for the polyethylene phantom. (a) Original CT image with metallic
inserts, (b) metal artefact reduction corrected CT image, (c) original CT image without metallic inserts, (d) original pmap with metallic inserts, (e) MAR

corrected umap and (f) pmap without metallic inserts.
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Fig. 5

Computed tomography (CT) images and attenuation maps (umaps) obtained for the jaw phantom. (a) Original CT image with metallic inserts, (b)
metal artefact reduction (MAR) corrected CT image, (c) original CT image without metallic inserts, (d) original pmap with metallic inserts, () MAR
corrected umap and (f) umap without metallic inserts.
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Fig. 7
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pmaps for two patients. Although the proposed method
does not produce a diagnostic quality CT image, the
derived pmaps are of sufficient quality for AC purposes.
The statistical analysis of the results obtained for all
patients was performed using a paired 7-test on the ROIs’
estimates. Table 2 summarizes the mean values, standard
deviations and P values resulting from the statistical
analysis. The results did not reveal the existence of
a statistically significant difference between calculated
attenuation coefficients in the defined ROIs and the
expected theoretical values at 511 keV.

Discussion

The progress in CTAC methodology has been immense
in the last few years, the main opportunities arising from
the development of both optimized scanning protocols
and innovative and faster image processing algorithms.
This has permitted the implementation of much more
ambitious algorithms that tackle the challenges of whole-
body imaging using PET. Some solutions were recently
proposed and used successfully in clinical and research
settings. This includes optimized contrast-enhanced
CT protocols, respiratory motion compensation, metal

artefacts reduction, truncation artefacts correction, beam
hardening correction and X-ray scatter compensation in
cone-beam CT [6].

Sinogram-based MAR algorithms inherently operate on
the raw CT data to implement the correction procedure.
These are huge files usually stored in encrypted proprie-
tary format not generally disclosed by manufacturers and
thus are not straightforward to handle or manipulate [21].
The proposed MAR algorithm has overcome these incon-
veniences using the virtual sinogram concept. Although
CT images reconstructed from a virtual sinogram might
not be of sufficient quality for clinical diagnosis, they
are suitable for implementation of the CTAC procedure.
One reason is that the CT images are downsampled and
smoothed to match the resolution of PET images, which
renders them less sensitive to small inaccuracies.

The experimental phantom and clinical results pre-
sented show that the proposed MAR method is suitable
for generation of pmaps that can be used with confi-
dence for AC of PET data using the CTAC procedure. It
provides a simple and convenient method to correct

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



MAR in CT-based attenuation correction Abdoli et al. 29

Representative slice of computed tomography (CT) and PET images of
the Jaszczak phantom. (a) Original CT image, (b) corrected CT image
using the metal artefact reduction algorithm, (c) original PET image
corrected for attenuation using the CT images shown in (a) (arrows
indicate the artefacts generated by the CT-based attenuation correction
procedure), (d) PET image corrected for attenuation using the CT
images shown in (b). Note the reduction of artefacts visible in (c).

Representative slice of computed tomography (CT) and PET images
of the Ge-68 solid phantom. (a) Original CT image, (b) corrected CT
image using the MAR algorithm, (c) original PET image corrected for
attenuation using the CT images shown in (a) (arrows indicate the
artefacts generated by the CT-based attenuation correction procedure)
and (d) PET image corrected for attenuation using the CT images
shown in (b).

Table 1 Summary of statistical analysis results of uncorrected and corrected PET images using the MAR algorithm for both the Jaszczak
and solid Ge-68 phantom study
Phantom PET image Mean £ SD (kBg/cc) P value
Jaszczak phantom Actual activity concentration 16.67
Corrected PET image 16.54+0.64 0.098
Uncorrected PET image 15.80+0.79 <0.0001
Ge-68 solid phantom Actual activity concentration 8.30
Corrected PET image 8.36+0.34 0.131
Uncorrected PET image 8.13+0.34 <0.0001

MAR, metal artefact reduction; SD, standard deviation.

metallic artefacts caused by dental implants without the
need to handle huge raw CT data by exploiting the
potential of the virtual sinogram approach. The perfor-
mance of the MAR algorithm for eliminating artefacts
visible on the pmaps and PET images in regions adjacent
to metallic objects is noticeable. As illustrated in Fig. 6a
and Fig. 7a, the presence of metallic artefacts might cause a
remarkable difference between the original pmap and the
one obtained without metallic objects in some regions
close to the location of the metallic object and between two
metallic objects. It can be observed from Fig. 6b and Fig. 7b
that these differences are considerably reduced using the
proposed MAR approach. It should be noted that the errors
did not change to a great extent in some regions, mostly
those located in the regions unaffected by the artefacts.

The same observations can be made for the PET data
obtained using the Jaszczak and Ge-68 phantoms. In
the original uncorrected PET images, an underestimation
of activity concentration can be observed owing to the
dark streaks caused by metallic objects. After applying
the MAR algorithm, the mean activity concentrations
for the 50 selected ROIs are much closer to the actual
ones (Table 1). Moreover, the standard deviation of ROIs
inside the phantoms is reduced after the application of
the MAR algorithm. Although the artefacts visible on
both the phantoms are not strong enough to influence
the visual quality of PET images and thus clinical diag-
nosis to a great extent, the quantitative analysis seems to
suggest that reduction of these artefacts might reduce
the bias when accurate quantitative analysis is desired.
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Fig. 10

Typical slice through computed tomography (CT) images and
attenuation maps (umaps) for one clinical study showing (a) original CT
image, (b) corrected CT image, (c) original pmap and (d) corrected
pmap.

Typical slice through computed tomography (CT) images and
attenuation maps (umaps) for a second clinical study showing (a)
original CT image, (b) corrected CT image, (c) original pmap and (d)
corrected pmap.

Table 2 Summary of paired t-test analysis results for ROIs defined on patients’ uncorrected and corrected pmaps in soft tissue regions

Attenuation map

Uncorrected Corrected

Patient LAC SD P value LAC SD P value
1 0.106 0.036 0.028 0.091 0.004 0.052
2 0.110 0.045 0.002 0.091 0.004 0.099
3 0.110 0.036 0.007 0.091 0.003 0.060
4 0.109 0.038 0.016 0.092 0.007 0.057
5 0.111 0.038 0.007 0.093 0.008 0.055
6 0.111 0.035 0.003 0.091 0.006 0.128
7 0.109 0.036 0.008 0.091 0.003 0.056
8 0.110 0.038 0.012 0.091 0.003 0.127
9 0.110 0.037 0.007 0.091 0.003 0.103

10 0.112 0.041 0.008 0.091 0.004 0.160

The LAC of soft tissue is assumed to be equal to 0.096/cm.
LAC, linear attenuation coefficient; ROI, region of interest; SD, standard deviation.

In addition, the possibility to use a simple and fast MAR
method is worth taking an extra step to obtain more
accurate results.

In addition, successful application of the proposed
MAR algorithm to clinical data seems to suggest that the
technique can appropriately be used in clinical setting for
MAR of pmaps generated from clinical C'T images present-

ing with dental fillings and other metal related artefacts
including prosthetic hips, chemotherapy ports, pacemakers,
etc. As discussed earlier, this method is not aimed to produce
diagnostic quality CT images, but reliable pmaps that can
be used for AC. The next step of this study is to use the
pumaps corrected by the proposed algorithm for AC of
the clinical head and neck PET data, which is currently
under way and will be reported in future publications.
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Conclusion

A novel approach was proposed for reducing metal
dental implant artefacts on CT images used in CTAC of
PET data. The proposed method provides a simple and
convenient approach allowing correction for the pre-
sence of metal artefacts without the need to manipulate
the complex raw CT data. It can be concluded that the
proposed method allows a substantial reduction of the
strong artefacts located in regions adjacent to metallic
objects in the generated pmap and thus the recon-
structed PET images. The algorithm is being refined
and further validated in a clinical setting using a larger
clinical PET/CT database.
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