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Abstract

Introduction: In the year 2014, 687 patients underwent a total bone scan in the University Medical Centre
Groningen (UMCG). Of these patients 357 were suspected of bone metastases. The UMCG uses planar bone
scintigraphy and Single Photon Emission Computed Tomography combined with Computed Tomography (SPEC-
T/CT) to diagnose patients with suspected bone metastases. Establishing a reliable diagnosis of oncological
patients is of great importance. With planar bone scintigraphy there is a great chance small metastases will not
be detected by a nuclear medicine physician. Whole-body SPECT increases the chance of detecting lesions, but
whole-body SPECT has a scan time of three hours. The aim of this study is to develop an optimised protocol for
whole-body SPECT to reduce scan time without compromising image quality.

Method: A phantom study was performed using the Jaszczak and NEMA phantom. A two headed Siemens Sym-
bia T16 scanner with a Low Energy High Resolution (LEHR) collimator was used for the data acquisition. Images
obtained with the step-and-shoot mode (SSM) were compared with the SPECT images obtained with continuous
rotation mode (CM). The images were objective and subjective evaluated. During the objective evaluation three
parameters were evaluated: spatial resolution using the modulation transfer function (MTF), signal to noise ratio
(SNR) and contrast. For the subjective evaluation employees of the Department of Nuclear Medicine and Molec-
ular Imaging (NMMI) were asked to scale the images on sharpness, contrast and total quality.

Results: A reduction in scan time of 75% was achieved using CM instead of SSM. The objective evaluation
shows that images obtained in CM with 40 views and 12 seconds per view are most similar to the current SPECT
images. An overall view of the subjective evaluation shows that the CM with 53 views and 9 seconds per view has
a quality near the current SPECT.

Conclusion: The acquisition protocol of the whole-body SPECT for patients with suspected bone metastases
can be optimised with CM which results in reduced scan time.
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1. INTRODUCTION

1 Introduction

In the year 2014, 687 patients underwent a total bone scan in the University Medical Centre Groningen (UMCG).
Of these patients 357 were suspected of bone metastases [1]. The UMCG uses planar bone scintigraphy and
Single Photon Emission Computed Tomography combined with Computed Tomography (SPECT/CT) to diagnose
the patients. Although these techniques provide good images, the Department Nuclear Medicine and Molecular
Imaging (NMMI) of the UMCG has the desire to investigate the options for improvement of the protocol of the
whole-body SPECT and/or whole-body SPECT/CT. The aim of this study is to develop an optimised protocol for
whole-body SPECT to reduce scan time without compromising image quality.

1.1 University Medical Center Groningen

The UMCG was established in 2005 as a collaboration between the University of Groningen and the Academic
Hospital Groningen (AZG). It is one of the largest hospitals in the Netherlands and the largest employer in the
Northern Netherlands. More than 10,000 employees are responsible for patient care, medical education and the
implementation of cutting-edge scientific research [2].

The NMMI Department is one of the oldest nuclear medicine institutes in the Netherlands, in fact in the world.
In the 1960s the first Nal detector for in vivo measurements and later a gamma camera were acquired. The NMMI
Department of the UMCG installed the SPECT and SPECT/CT in 2009 [3]. The Department has the following
double headed Siemens SPECT gamma cameras: Symbia T16, Symbia T2 and a Symbia S1.

1.2 SPECT and planar bone scintigraphy

A nuclear medicine study involves an intravenously administered compound which is labelled with a radiation
emitting radionuclide. The radiolabelled compound is commonly known as a radiotracer or tracer [4]. For bone
scintigraphy Technetium-99m (99mTc) is used as radionuclide. During the decay of 99mTc, gamma rays of 140
keV are emitted [5]. The energy of these gamma rays is high enough for a significant number of photons to
exit the body without being scattered or attenuated. Therefore it can be detected by gamma cameras [4]. The
specific tracer makes sure the radioactive isotope finds its way into the skeleton. Especially in places where cell
metabolism is high, the tracer will accumulate. With this technique sites with increased bone cell activity are
shown [6]. In an oncological setting the increased activity may indicate bone metastases.

To obtain a picture of the distribution of the radiolabelled compound in the body an external radiation detector,
gamma camera, is used. For SPECT a gamma camera is used to record the emissions from 99mTc for image
acquisitions [7, 8].

For planar bone scintigraphy an image is obtained by recording the tracers distribution from one particular
angle. A two-dimensional (2D) image is created. To obtain a three-dimensional (3D) image the tomographic
mode SPECT is used to record data from many different angles around the patient. This image is called a
SPECT image [4].

The whole body is divided in five bed positions. Each bed position is equal to the field of view (FOV) of the
detector. The size of the FOV is 53.3 x 38.7 cm [9]. There is a whole-body SPECT protocol available in the
UMCG but this takes 3 hours to scan (table 3, appendices). SPECT combined with CT is called SPECT/CT.
CT is needed for attenuation correction and provides the anatomy reference for SPECT findings [10]. Research
from Palmedo et al. shows that the SPECT/CT imaging technique constructs a better image than planar bone
scintigraphy [11].

In figure 1 an image overview of the different techniques as described above is shown.

1.3 Aim of study

Establishing a reliable diagnosis of oncological patients is of great importance. When patients undergo planar
bone scintigraphy there is a great chance small metastases will not be detected by a nuclear medicine physician
[12]. In other words, the patient will be underdiagnosed. Whole-body SPECT increases the detection of metas-
tases, but it has a scan time of three hours. It is incredibly difficult for a patient to lie still for three hours. Therefore
the image of lesser quality provided by planar bone scintigraphy is used. For these reasons the UMCG desires a
fast whole-body scan which provides high quality images so that a reliable diagnosis can be established. The aim
of this study is to develop an optimised protocol for whole-body SPECT to reduce scan time without compromising
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1. INTRODUCTION

image quality. Therefore the main question of this study is:

’How can the acquisition protocol of the whole-body SPECT be optimised to reduce scan time without
reducing current image quality for patients with suspected bone metastases?’

Sub questions are:

• What is the clinical relevance of whole-body SPECT/CT?

• What are the advantages and disadvantages of the step-and-shoot mode, continuous step-and-shoot mode
and the continuous rotation mode relative to each other?

• How should acquisition angles and time be adapted to reduce total scan time for whole-body SPECT?

1.4 Hypothesis

The whole-body scan time can be reduced to around 40 minutes with the same image quality as the conventional
SPECT protocol.

Figure 1: A and B: Planar scintigrams from planar bone scintigraphy. C: Detailed view of pelvis with 2 hot spots
(arrows). D: SPECT image, transverse section of upper lesion in lumbar vertebra 5. E: Small osteolytic lesion
with intense tracer uptake indicating bone metastases in lower pelvis. E,F,G and H: SPECT/CT, fused image [13].
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2. METHOD

2 Method

This study was divided into three phases. The first phase included a literature study, the second phase a phantom
study and the third phase the evaluation of the acquired data. SPECT has three scan modes: step-and-shoot
mode (SSM), continuous step-and-shoot mode (CSSM) and continuous rotation mode (CM). The software of
the Symbia T scanner in the UMCG is not able to perform CSSM. Therefore only SSM and CM are included to
answer the main question. Using SSM the system only records when the camera is not moving. There is a ‘dead
time’ between every step. When using CM, the camera rotates around the patient with a constant speed and
is recording constantly [14]. Data is acquired per set of angles, which can be altered in the protocol settings.
Currently the UMCG is using SSM. The biggest advantage of this method is that it has the greatest spatial
resolution of all modes [15]. However, this method is slow because the detector stops at every angle to scan. The
detector does not scan when moving and therefore it misses counts [14, 16]. The sensitivity of CM is higher than
that of SSM. Due to the continuous scanning in CM less counts are missed and due to continuous rotation the
detector circles faster around the patient than in SSM. A disadvantage is that CM provides more blurred images
[16]. Research from Terrance et al. has shown that there is no significant difference in uniformity and contrast
between SSM and CM (when using 3 degrees acquisition). However CM is a lot faster than SSM because of its
continuing rotation. It was shown that SSM takes 2.3 minutes per view, while CM takes 1 minute per view [17].
In other phantom studies a reduction of 50% scan time was achieved using 6 degrees acquisition instead of 3
degrees acquisition (figure 2). Using CM another 10% of time could be saved. However this method provided
images of lower quality [18]. ZongJian et al. showed that a minimum amount of 31 views in 360 degrees SPECT
imaging is sufficient to remove most aliasing artifacts [19].

Figure 2: The decrease in acquisition time in myocardial perfusion SPECT imaging using different acquisition
methods. Methods used are CM and SSM [18].

2.1 The phantom study

A two headed Siemens Symbia T16 scanner with a Low Energy High Resolution (LEHR) collimator was used
for the data acquisition (figure 3). The Jaszczak phantom (figure 4) used in this study is a plexiglass cylinder
divided in two sections. The empty cylinder has a volume of 6,9 litre. The lower section contains six sectors of
solid plexiglass rods, each sector with its own rod-diameter. These diameters vary from 6,4 mm to 19,1 mm.
The distance between the rods is equal to the rod-diameter of the corresponding section. The top section is
used to measure the uniformity and the rods section for the spatial resolution. No spheres were inserted in the
Jaszczak phantom. Because of the varying size of the rods and the different sectors in which they are placed, the
phantom is a 3D ‘bar-phantom’ [20]. The NEMA phantom (figure 5) is a body shaped plexiglass phantom initially
designed for PET. The empty cylinder has a volume of 9,7 litre. It contains a cylindrical insert dimension in the
middle with diameter of 51 mm and a length of 180 mm. Which can be filled with styrofoam. Six spheres with
diameters varying from 10 mm to 37 mm are located around the cylinder [21]. In this study the spheres were
used to calculate the signal to noise ratio (SNR) and contrast. The Jaszczak phantom was filled with a 135 MBq
99mTc solution. For the NEMA phantom the 135 MBq 99mTc was diluted so that the ratio of activity in the spheres
opposite to the background was four to one. The Jaszczak phantom was placed at the head of the table in the
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2. METHOD

middle of the first bed position. The NEMA phantom was placed at the border of two bed positions so possible
stitching artifacts could be detected (figures 6 and 7).

Figure 3: Siemens Symbia T16 SPECT scanner, UMCG.

Figure 4: A&B: The Jaszczak phantom, C D&E: reconstructed images of phantom by SPECT [22].
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2. METHOD

Figure 5: The NEMA phantom [23].

First an image of one FOV was obtained with planar bone scintigraphy and next a SSM SPECT was made.
After that the scanning was done using CM following the protocol shown in table 4 in the appendices. This is a
modification of the current whole-body SPECT protocol shown in table 3 in the appendices. For a whole-body
scan five FOVs must be scanned. At least two bed positions needed to be scanned to see if there were any
stitching artifacts. Two FOVs had to be scanned in circa 16 minutes so that a five-FOV-scan would not last longer
than 40 minutes. Five scans of two FOVs were made using CM. For each individual scan the angular speed
and angle of data acquisition were changed (table 1). While scanning the first bed position each gamma-camera
rotated 180 degrees clockwise around the body. During the second bed position the cameras rotated counter
clockwise.

After the phantom study the acquired data was evaluated using Matlab for the objective evaluation. The Matlab
scripts are included in the appendices. Employees of the NMMI Department were asked to evaluate the images
for the subjective evaluation.

Table 1: Total scan time of one bed position with different settings.
Scan method Scan time of one bed position (minutes)
Current SPECT SSM: 64 views, 15 sec/view 20 minutes
CM: 64 views, 15 sec/view 16 minutes
CM: 64 views, 7 sec/view 7.5 minutes
CM: 32 views, 15 sec/view 8 minutes
CM: 53 views, 9 sec/view 7.95 minutes
CM: 40 views, 12 sec/view 8 minutes

Figure 6: NEMA and Jaszczak phantoms in the SPECT scanner.
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2. METHOD

Figure 7: five FOVs for a whole-body scan.

2.2 Subjective evaluation

For the subjective evaluation a questionnaire was given to different employees at the NMMI Department and the
University of Twente. This questionnaire contained three SPECT images of each method. The employees did not
know which set of images belonged to which method. The first image contained rods of the Jaszczak phantom,
the second image spheres of the NEMA phantom and the third image was a coronal view of both phantoms.
The questionnaire containing the images can be found in the appendices. Image quality was assessed for three
parameters: sharpness, contrast and total quality. The scales ranged from 0 to 10, with 0 for bad, 5 for acceptable
and 10 for good. For every employee the mean of each parameter was calculated per set of images. Based on
these means the sets were ranged and assigned points from 6 to 1 for respectively highest to lowest mean for all
parameters. All points for each method were added and shown in a graph.

2.3 Objective evaluation

Three parameters were calculated to evaluate quality of the images. These were the modulation transfer function
(MTF), SNR and contrast.

The MTF defines the ability of SPECT to reproduce an image of an object as a function of spatial frequency
[24]. The MTF was calculated using equation 1 [25].

MTF =
Mout

Min
=

Omax−Omin

Omax+Omin

Min
(1)

Min is the intensity of the real object and Mout is the intensity of the image. Omax is the highest radiation intensity
and Omin the lowest [25]. When the MTF has a value of 1, the image is a perfect reproduction of the object. The
lower the MTF, the lower the spatial resolution. It is assumed that Min was the same for all methods. Therefore
the value has been set to 1 for every method. To calculate Mout a line was drawn in transversal slice 59 of the
images through rods with the same diameter, respectively 19.1 mm (blue line), 12.7 mm (red line) and 11.1 mm
(yellow line) ( figure 8). The intensity along these lines was calculated and plotted in a graph (Figure 9). The
values of Omax and Omin were calculated from the graph and used to plot a graph of the MTF.
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2. METHOD

Figure 8: CM with 40 views of 12 seconds per view. Lines used to plot the MTF in slice 59.

Figure 9: The intensity over the blue line in figure 8. The three local minima between the values 5 and 25 on the
x-axis represent the rods.

SNR shows the ratio between the signal and the noise. The ratio is higher when there is less noise in the
signal. The SNR was calculated using equation 2 [26].

SNR =
Signal

Noise
(2)

A 4x4 matrix in the biggest sphere was used to select an area in the 103th slice of the ’current SPECT’ image.
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2. METHOD

For all the images the same slice and area with coordinates (61:64,70:73) was used. The mean value in the area
was calculated. Noise was calculated using equation 3 of the standard deviation [27].

Noise =

√∑
(xi − x)2

nx
(3)

xi = value of voxel number i
x = mean value of all the voxels

nx = total number of voxels

For multi-headed systems the tomographic contrast is an important indicator for the performance in the de-
tection of small lesions. Physics in nuclear medicine provides a general definition of contrast: the ratio of signal
change of an object of interest relative to the signal level in surrounding parts of the image [25]. Thus if Ro is the
counting rate over normal tissue and Rl is the counting rate over a lesion, the contrast of the lesion was calculated
using equation 4 [25].

Contrast =
Rl −Ro

Ro
(4)

The contrast was calculated using 4x4 matrices in the background and in the spheres (figure 10) after select-
ing coordinates of slice 103 in the reference image. The same coordinates for the red (61:64,70:73) and blue
(61:64,55:59) matrices were used for all of the images.

Figure 10: Matrices used to calculate contrast. The blue matrix contains the background and the red matrix
contains the sphere.

The results of the subjective and the objective evaluation were compared to each other.
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3. RESULTS

3 Results

The objective evaluation of the phantom study did show differences in all three parameters compared to the
current SPECT. Graph 11 shows that the images obtained with the CM methods have higher MTF curves than
the current SPECT (CM 64 views 7sec/view, 32 views 15sec/view and 40 view 12 sec/view). Two of the images
obtained with the CM methods have almost equal MTF curves to the current SPECT. Table 2 shows the calculated
contrast and SNR. The SNR of all images was almost the same. Four of the five new scan methods had a slightly
lower SNR. The SNR of the image of CM with 40 views and 12 sec/view was almost equal to the SNR of the
current SPECT. The outcome of formula 3 shows that the image of CM with 64 views and 7 sec/view has the
lowest contrast, around 50% of the contrast of the current SPECT image. The image of CM with 40 views and 12
sec/view has the highest contrast which is around 89% of the contrast of the current SPECT image.

Figure 11: MTF with different scan settings.

Table 2: Contrast and SNR with different number of views and different view times.
Scan Contrast, 4x4 matrix SNR, 4x4 matrix
Current SPECT, SSM: 64 views 15 sec/view 22,4246 12,8206
CM: 64 views, 15 sec/view 13,0685 10,3130
CM: 64 views, 7 sec/view 11,1985 10,0838
CM: 32 views, 15 sec/view 11,7560 10,6216
CM: 53 views, 9 sec/view 14,4621 10,3023
CM: 40 views, 12 sec/view 20,0284 12,3171

Using the current protocol, in table 1 called ‘current SPECT’, 64 views are scanned with 15 seconds per view.
Therefore it takes 20 minutes to scan one FOV. Using CM with 64 views and 15 seconds per view, scanning one
FOV will take 16 minutes. This is a 20% reduction of scan time. Figure 11 shows a red line which represents
the current protocol and a dark blue line which represents the CM with 64 views and 15 seconds per view. CM
with 64 views and 15 seconds per view has a better spatial resolution for coarser details and the current protocol
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3. RESULTS

for fine details. Scanning with 40 views and 12 seconds per view takes 45 minutes so the time is reduced with
75% relative to the 3 hours of the current protocol for the whole-body SPECT. Images as seen in figure 12 where
shown to the employees of the NMMI Department. An overall view of all the subjective evaluations shows that the
results of CM with 53 views and 9 seconds per view is almost as good as the results of the current SPECT. The
sharpness and total quality are rated higher and the contrast lower in comparison with the current SPECT (figure
13).

Figure 12: Images given to the employees of the NMMI Department.

Figure 13: Overall results subjective evaluation.
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4. DISCUSSION

4 Discussion

CM reduces the scan time of whole-body SPECT. Nuclear medicine physicians now have the opportunity to get
an overview of the patients skeleton with possible metastases in 45 minutes. A phantom study with 99mTc of
Bieszk et al. shows that with a decrease of the number of acquisition angles, the resolution and visibility of details
becomes less vivid and the number of artifacts increases [16]. Bieszk et al. indicates that for short scans, when
the sensitivity is the most important, continuous acquisition is preferred. It provides a big number of views and
the best SNR for a fixed scan time [16]. Saad et al. shows that the quality of the SPECT images is limited due to
the size of the used matrix. It is shown that there is no significant difference in contrast value when using different
matrix sizes in SPECT research. The contrast when using a 128x128 matrix is slightly higher than when using a
64x64 matrix. The count rate when using a 64x64 matrix is higher than when using a 128x128 matrix, because
the voxels are larger in a 64x64 matrix. Therefore the voxels are able to catch more counts [28].

Our study was limited by the software of the Siemens Symbia T scanner. Many ideas for reducing scan time
could not be tested due to lack of adaptable parameters. Literature shows a scan mode with good opportunities:
continuous step-and-shoot (CSSM). The software of Siemens is not capable of applying this mode. CSSM works
in the same way as SSM, however in this mode the camera also acquires data when it moves from one position to
another. Therefore CSSM will generate images with the sensitivity of CM and the resolution of SSM. In our study
the MTF of CM was higher in comparison with SSM. The three lines for the MTF calculation and the matrices for
the SNR and contrast were all hand selected. This may have led to a bias in the results. This could be resolved by
developing a Matlab script which automatically detects the coordinates that need to be selected for calculating the
parameters. CSSM is not faster than SSM, but it does have a better image quality because there will be a higher
number of counts. The images made in CSSM are less blurred than images made in CM, because in CSSM the
camera does not move for short periods of time. Therefore it will pick up more counts in certain areas. Overall
CSSM images will have the best contrast in comparison with SSM and CM, because in this mode the body is
scanned in every single angle and even during movement from one angle to another [16].

The total time that covered all the scan methods was circa 6 hours. The half-life time of 99mTc is 6 hours. The
radioactive decay is given by equation 5 [29].

A(t) = A0e
−0.693t/Tp (5)

The last scan started about 6 hours after the first scan. Therefore the last scan contained about half of the
radioactivity of the first scan. To resolve this problem the phantom study should be divided in two scan moments
of three hours, so loss of radioactivity is reduced. It is important that all the variables are equal at the start of each
scan moment, for example radioactivity and the positioning of the phantoms. A reference scan should be made
during every scan moment using current protocol.

For the subjective evaluation the images were provided in a word-document. This could have reduced image
quality. It would have been better if the employees of the NMMI Department and University of Twente evaluated
the images with dicomviewers.

Another point of discussion is the clinical relevance of whole-body SPECT. In the UMCG planar bone scintig-
raphy is the work horse for the detection of bone metastases. This scan method is available in most of the
hospitals in the Netherlands. It is relatively cheap and has a high sensitivity for the detection of bone metastases.
Unfortunately the high sensitivity correlates with low specificity because lesions by osteoarthritis and infections
also lead to higher uptake of radioactive tracers [30]. When the nuclear medicine physician thinks the 2D bone
scintigraphy image is insufficient to establish a reliable diagnosis, a 3D SPECT/CT image of the suspicious area
is made. The low-dose CT is needed for the attenuation correction and for the anatomical correlation of the
SPECT findings during the acquisition and review of the images [31]. Previous studies advice the use of SPECT
when planar images are insufficient. In some cases this is even essential [32]. By dividing upper- and lower
located radioactivity into tomographical plates, SPECT increases image contrast through reducing background
activity positioned over the object activity. Furthermore it enhances the localisation of lesions in comparison with
planar bone scintigraphy. More deep and central located lesions are better detected by SPECT than by planar
bone scintigraphy. Abnormal heated areas in complex structures like the spine, the hip and the skull base are
better detected with SPECT [28, 32]. Especially in the spine it is difficult to detect lesions. When in a variety of
clinical settings SPECT imaging was compared with planar imaging, an increase of 20% to 50% in the detection
of lesions in the lumbosacral spine was reported [32]. The trans axial images are best for determination of the
specific location of the lesion on the vertebrae. These sections are also easy to compare with use of CT [32]. The
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study by Han et al. shows that SPECT gives a higher sensitivity for detection of metastatic tumours compared to
planar bone scintigraphy (87% v 74%) and a higher specificity( 91% v 81%) [33]. Sedonja et al. gives a sensitivity
of 90% for SPECT and 65% for planar scans[34].

As stated before in the UMCG SPECT is combined with a CT image. According to Strobel et al. the visibility
of focal lesions is significantly better with SPECT and with SPECT/CT than with planar bone scintigraphy. The
research by Strobel et al. states that the sensitivity and specificity for differentiation of benign an malignant bone
lesions were 82% and 94% for planar scintigraphy, 91% and 94% for SPECT and both 100% for SPECT/CT.
Certainty in diagnosis of a lesion as benign or malignant was significantly higher with SPECT/CT. For planar
bone scintigraphy a specific diagnosis was made with an accuracy of 64 %, for SPECT with 86% and 100% for
SPECT/CT [30].

Due to the long scan time of the current whole-body SPECT protocol (three hours) used in the UMCG, only
a planar whole-body scan is made of the patient. SPECT/CT is only used for the area with suspected bone
metastases. Patients are scheduled for 45 minutes to make sure the nuclear medicine physician has time to
evaluate the planar image and if needed a SPECT/CT can be made. If there is more than one area suspected
of containing bone metastases, the scheduled time is to short to make a SPECT/CT of both areas. Planar
bone scintigraphy may be sufficient for the differentiation of malign and benign lesions but SPECT/CT provides a
much higher certainty for a specific diagnosis due the attenuation correction and the anatomical correlation [30].
Therefore it will be more effective and sufficient to make a whole-body SPECT/CT in the same period of time.
This will provide an instant 3D image of the whole body so only one scan is needed for establishing a reliable
diagnosis.

Phantoms are not entirely comparable to a human body. All scan methods were used to image the same two
phantoms. The images obtained by CM were compared to the image obtained by current SPECT. Current SPECT
has already proven to be sufficient to establish a reliable diagnosis on patients. Therefore it is plausible that the
CM setting that is superior in the objective and subjective evaluation will provide good images of patients.
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5 Conclusion and Recommendations

5.1 Conclusion

The protocol for whole-body SPECT can be optimised by using CM instead of SSM. CM with 40 views of 12
seconds is superior in the objective evaluation. CM with 53 views of 9 seconds comes out on top in the subjective
evaluation. Scan time is reduced by 75% compared to the current whole-body SPECT protocol. Therefore a
whole-body SPECT can be made in 45 minutes.

5.2 Recommendations

There are two methods which shows to be a good alternative. Both of these methods have to be examined
on patients. In our opinion the subjective evaluation outweighs the objective evaluation because a diagnosis is
established subjectively. Therefore we recommend CM with 53 views of 9 seconds.A patient study has to be
implemented. Every patient has to be scanned twice. The first time with the current protocol and the second
time with our protocol. The nuclear medicine physician needs to decide which of the two alternatives is the best
method for establishing a diagnosis, that is similar or better to the one that was established using the current
SPECT.

Besides CM, a good alternative is CSSM. To implement this method, Siemens has to develop new software
which supports this method. This software has to be evaluated using a phantom study. The phantom study can
be done following the method used in this study.

No attenuation correction was done in the phantom study. Artifacts which are now present in the images may
be reduced by adding CT. However, attenuation correction can also provide artifacts in SPECT [35]. Therefore it
is necessary to test this scan method with attenuation correction.
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8 Appendices

8.1 Matlab script of objective evaluation

1 %% MTF
[A, map]= dicomread ( ’ 8 . IMA ’ ) ;

3 s ize (A) ;
A=squeeze (A) ;

5 I =A ( : , : , 5 9 ) ; % one s l i c e i s chosen to ob ta in 2D image
f i g u r e

7 imshow ( I , [ ] ) ; % The image i s loaded , every image one by one
t i t l e ( ’CR 40 views , 12 s / v ’ )

9 hold on ;
x1=[38 5 9 ] ; % The x−coord ina tes o f the l i n e through the rods o f 19.1 mm

11 y1=[46 5 7 ] ; % The y−coord ina tes o f the l i n e through the rods o f 19.1 mm
p l o t ( x1 , y1 ) ; % The l i n e through the rods i s p l o t

13
hold on ;

15 x2=[79 6 0 ] ; % The x−coord ina tes o f the l i n e through the rods o f 12.7 mm
y2=[42 5 8 ] ; % The y−coord ina tes o f the l i n e through the rods o f 12.7 mm

17 p l o t ( x2 , y2 ) ;

19 hold on ;
x3=[82 6 2 ] ; %The x−coord ina tes o f the l i n e through the rods o f 11.1 mm

21 y3=[46 6 3 ] ; %The y−coord ina tes o f the l i n e through the rods o f 11.1 mm
p l o t ( x3 , y3 ) ;

23 %% Modulat ion
f i g u r e

25 i m p r o f i l e ( I , x1 , y1 ) , g r i d on ; % The i n t e n s i t y over the l i n e i s p l o t
t i t l e ( ’16 mm’ ) ;

27 f i g u r e
i m p r o f i l e ( I , x2 , y2 ) , g r i d on ;

29 t i t l e ( ’ 12 .7 mm’ ) ;
f i g u r e

31 i m p r o f i l e ( I , x3 , y3 ) , g r i d on ;
t i t l e ( ’ 11 .1 mm’ ) ;

33 %% MTF graph
Omax=1018; % Current SPECT

35 Omin=347; % The maximum and mininum values between the rods i n the i n t e n s i t y graph
are determined i n cursormode of every image , th ree per image

37 Omax1=900;
Omin1=468;

39 Omax2=902;
Omin2=540;

41
mtf = ( (Omax−Omin ) / ( Omax+Omin ) ) ; %19.1 mm,

43 mtf1 = ( (Omax1−Omin1 ) / ( Omax1+Omin1 ) ) ;% 12.7 mm
mtf2 = ( (Omax2−Omin2 ) / ( Omax2+Omin2 ) ) ;% 11.1 mm

45
Omax3=79; % 64 views 15 s / v

47 Omin3=24;
Omax4=79;

49 Omin4=46;
Omax5=65;

51 Omin5=46;

53 mtf3 = ( (Omax3−Omin3 ) / ( Omax3+Omin3 ) ) ; %19.1 mm
mtf4 = ( (Omax4−Omin4 ) / ( Omax4+Omin4 ) ) ;% 12.7 mm

55 mtf5 = ( (Omax5−Omin5 ) / ( Omax5+Omin5 ) ) ;% 11.1 mm

57 Omax6=44; % 64 views 7s / v
Omin6=8;

59 Omax7=40;
Omin7=18;

61 Omax8=45;
Omin8=29;

63
mtf6 = ( (Omax6−Omin6 ) / ( Omax6+Omin6 ) ) ; %19.1 mm

65 mtf7 = ( (Omax7−Omin7 ) / ( Omax7+Omin7 ) ) ;% 12.7 mm

18



8. APPENDICES

mtf8 = ( (Omax8−Omin8 ) / ( Omax8+Omin8 ) ) ;% 11.1 mm
67

Omax9=51; % 32 views 15s / v
69 Omin9=10;

Omax10=46;
71 Omin10=20;

Omax11=43;
73 Omin11=21;

75 mtf9 = ( (Omax9−Omin9 ) / ( Omax9+Omin9 ) ) ; %19.1 mm
mtf10 = ( (Omax10−Omin10 ) / ( Omax10+Omin10 ) ) ;% 12.7 mm

77 mtf11 = ( (Omax11−Omin11 ) / ( Omax11+Omin11 ) ) ;% 11.1 mm

79 Omax12=38; % 53 views 9s / v
Omin12=13;

81 Omax13=36;
Omin13=19;

83 Omax14=50;
Omin14=14;

85
mtf12 = ( (Omax12−Omin12 ) / ( Omax12+Omin12 ) ) ; %19.1 mm

87 mtf13 = ( (Omax13−Omin13 ) / ( Omax13+Omin13 ) ) ;% 12.7 mm
mtf14 = ( (Omax14−Omin14 ) / ( Omax14+Omin14 ) ) ;% 11.1 mm

89
Omax15=37; % 40 views 12s / v

91 Omin15=7;
Omax16=35;

93 Omin16=11;
Omax17=39;

95 Omin17=10;

97 mtf15 = ( (Omax15−Omin15 ) / ( Omax15+Omin15 ) ) ; %19.1 mm
mtf16 = ( (Omax16−Omin16 ) / ( Omax16+Omin16 ) ) ;% 12.7 mm

99 mtf17 = ( (Omax17−Omin17 ) / ( Omax17+Omin17 ) ) ;% 11.1 mm

101 i 1 = 2 . 5 / ( 5∗ ( 1 9 . 1 / 1 0 ) ) ; % The c a l c u l a t i o n f o r the number o f l i n e p a i r s per cm
i 2 = 3 . 5 / ( 7∗ ( 1 2 . 7 / 1 0 ) ) ;

103 i 3 = 3 . 5 / ( 7∗ ( 1 1 . 1 / 1 0 ) ) ;

105 i =[ 0 i 1 i 2 i 3 ] ;
j =[1 mtf mtf1 mtf2 ] ; % The MTFs t h a t belong to one image are p l o t i n one l i n e

107 j 1 =[1 mtf3 mtf4 mtf5 ] ;
j 2 =[1 mtf6 mtf7 mtf8 ] ;

109 j 3 =[1 mtf9 mtf10 mtf11 ] ;
j 4 =[1 mtf12 mtf13 mtf14 ] ;

111 j 5 =[1 mtf15 mtf16 mtf17 ] ;

113 f i g u r e
p l o t ( i , j , ’ r ’ , i , j1 , ’ b ’ , i , j2 , ’ g ’ , i , j3 , ’m’ , i , j4 , ’ k ’ , i , j5 , ’ c ’ ) % A l l the MTFs are p l o t

115 i n one f i g u r e

117 t i t l e ( ’MTF’ ) ;
x l a b e l ( ’ l i n e p a i r s / cm ’ ) ;

119 y l a b e l ( ’M out / M in ’ ) ;
legend ( ’ Current SPECT’ , ’CM 64 views 15 sec / view ’ , ’CM 64 views 7 sec / view ’ , ’CM 32 views 15

121 sec / view ’ , ’CM 53 views 9 sec / view ’ , ’CM 40 views 12 sec / view ’ ) ;

123 %% Contrast
[A,map]= dicomread ( ’ 8 . IMA ’ ) ;

125 s ize (A)
A = squeeze (A) ;

127 I = A( : , : , 1 0 3 ) ;
%f i g u r e

129 imshow ( I , [ ] )
colormap gray ;

131 cmap = colormap ;
cmap = f l i p u d (cmap) ;

133 colormap (cmap) ;

135 rec tang le ( ’ Pos i t ion ’ , [ 6 1 , 7 0 , 3 , 3 ] , ’ EdgeColor ’ , ’ r ’ ) % Selected matr ices are made
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v i s i b l e on the image
137 rec tang le ( ’ Pos i t ion ’ , [ 6 1 , 5 5 , 3 , 3 ] , ’ EdgeColor ’ , ’ b ’ )

139 %%
hold on

141 spot =[61 7 0 ] ;
I1 = imcrop ( I , [ spot , 3 , 3 ] ) ; %s e l e c t pa r t o f an image wi th mat r i x 4 by 4

143 spot2 = [61 5 5 ] ;
I2 = imcrop ( I , [ spot2 , 3 , 3 ] ) ;

145 C = (mean( I1 )−mean( I2 ) ) / mean( I2 ) %Means of the matr ices i n formula o f con t ras t

147 %% Signa l to noise r a t i o
A=dicomread ( ’ 8 . IMA ’ ) ;

149 s ize (A)
A = squeeze (A) ;

151 I = A( : , : , 1 0 3 ) ;
imshow ( I , [ ] ) ;

153 colormap gray ;
cmap = colormap ;

155 cmap = f l i p u d (cmap) ;
colormap (cmap) ;

157 datacursormode on
%%

159 spot = [61 70] % coord ina tes used
subimg = imcrop ( I , [ spot , 3 , 3 ] ) ; %s e l e c t pa r t o f an image wi th mat r i x 4 by 4

161 subimg=double ( subimg ( : ) ) ;
s i g n a l = mean( subimg ( : ) ) ;

163 noise=std ( subimg ( : ) ) ;
snr= s i g n a l . / noise % formula f o r s i g n a l to noise r a t i o
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8.2 Questionnaire for the subjective evaluation

Function of assessor :        Date: 
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8.3 List of definitions

2D Two-dimensional
3D Three-dimensional
99mTc Technetium-99m
CM Continuous mode
CSSM Continuous step and shoot mode
Contrast The ratio of signal change of an object relative to the signal level in surrounding

parts of the image
CT Computed Tomography
FOV Field of view
LEHR Low Energy High Resolution
MTF Modulation transfer function
NMMI The Department of Nuclear Medicine and Molecular Imaging
PET Positron Emission Tomography
Planar bone scintigraphy Creates a 2D image
Radioisotope Radiation emitting radionuclide
Radiotracer Compound labelled with a radioisotope which is able to find its way to a specific

part of the body
SNR Signal to noise ratio
SPECT Single Photon Emission Computed Tomography
SSM Step-and-shoot mode
Tracer See radiotracer
UMCG The University Medical Centre Groningen
Whole-body SPECT Whole-body Single Photon Emission Computed Tomography
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8.4 Protocols

Table 3: Current whole-body SPECT protocol from the UMCG
Organ Skeletal
Isotope 1 99m Technetium , 0,00 mCi, MDP
Matrix Size 128x128
Zoom 1
Camera Preset Tc99m-NMG
Detectors Both Detectors
Orientation Head Out
Patient Position Supine
Study Based Setup OFF

Rotation Direction 0
Degrees of Rotation 180
Number of Views 64
Time per View 30 sec
Detector Configuration 180
Orbit Noncircular
Mode Step and Shoot
Number of Scans 5
Scan 1 Label Bed 1
Scan 2 Label Bed 2
Scan 3 Label Scan 3
Scan 4 Label Scan 4
Scan 5 Label Scan 5
Pause Between Scans No
Scan direction Scan Out
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Table 4: Continuous rotation protocol, number of views and time per views can be changed. When scanning the
whole body the labels can be set to five bedpositions

Organ Skeletal
Isotope 1 99m Technetium , 0,00 mCi, MDP
Matrix Size 128x128
Zoom 1
Camera Preset Tc99m-NMG
Detectors Both Detectors
Orientation Head Out
Patient Position Supine
Study Based Setup OFF

Rotation Direction 0
Degrees of Rotation 180
Number of Views 53
Time per View 9 sec
Detector Configuration 180
Orbit Noncircular
Mode Continuous mode
Number of Scans 2
Scan 1 Label Bed 1
Scan 2 Label Bed 2
Pause Between Scans No
Scan direction Scan In
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