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A PET/CT scanner combines the possibility to obtain detailed anatomical images, from Computed To-
mography (CT), with the capability of obtaining molecular images, from Positron Emission Tomography
(PET), in the same gantry. The PET/CT scanner is a useful tool for evaluation of oncological diseases.

Molecular images obtained by PET scan allow viewing functional activity of the tumours comparatively
to normal tissues. The PET scan is based on the detection of gamma particles, γ, from the Fluorine-
18 radioactive decay. High radioactive concentrations, in areas related to neoplastic lesions, represent an
important role in the evaluation of tumours.

A CT scanner detects photons that are attenuated when crossing an object, allowing the detection of the
map of attenuation coefficients, through CT images reconstruction.

Physical tests were carried out using a Biograph PET/CT True Point 6 System (with True Vue; Molecular
Imaging, Siemens USA) applied to a standard phantom (Flanged Jaszczak) with the purpose of characterizing
the image contrast and spatial resolution. It was concluded that the application of a current of 30mA and
a voltage of 130kV to the X-ray tube is the most adequate for a diagnostic since it causes less noise in CT
images. The noise present in PET images, as well as the spatial resolution and contrast, is lower for longer
acquisition times. In conclusion, the noise in CT images does not influence the noise in PET images for
longer acquisition times; hence a high dose of X-rays is not required for the patient.
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I. INTRODUCTION

Significant technological advances in medical imaging have been
made in the last decade to improve the accuracy of diagnosis and
therefore the prognosis. The Computed Tomography (CT) with
3D reconstruction and Positron Emission Tomography (PET) are
good examples. [1]

A PET image is formed by the localization of positron annihi-
lation issued by a radionuclide. These radionuclides are formed by
chemical bonds between a radioactive element and a molecule that
participate in a particular metabolic step, and are injected into
the patient. The Fluorine-2-deseoxiglicose (FDG), marked with
fluorine-18 (18F), is the most widely used in PET studies because
it allows the detection of neoplastic lesions that correspond to re-
gions where it is more intensively metabolized.[1] The fluorine-18
connects to a glucose molecule and is absorbed by the cells due
to the cellular metabolism. The increases of FDG in these cells
do not indicate a tumour because this higher concentration may
also occur in cells such as leukocytes, as known as white cells (that
are involved in defending the body against infections), witch create
false PET images. A histopathology study [2] demonstrates that
the FDG can distinguish groups of hypoxic cells, low oxygen and
nourishing, which are more resistant to the radiation and can re-
sult in metastasis. With PET information is possible to distinction
between malignant and benign lesions.[3]

CT image results by computer processing of the information
detected after exposing the patient to a series of X-rays. Tissues
with heavier elements or more dense can absorb more radiation
(such as the liver) than the less dense tissues (such as lung, which
is full of air), producing an anatomical image of organs.

One of the most important events of Nuclear Medicine occurred
in 1998, when the PET/CT scanner appeared. Using a PET/CT
system it is possible to have both anatomic (CT) and functional
(PET) information in the same image. This system combines both
CT and PET scanners in the same gantry that enables the pa-
tients to perform both diagnostics without their dislocation (figure
1, a). Both scan images are acquired at the same spatial referential
without the need for alignment between the two systems.[4] The
co-registration of CT images contributed to the development of
the diagnosis in nuclear medicine, with three technical advantages:
a quick correction of the photons attenuation in PET with little
noise; a high anatomical resolution that allows the first impression
of the tumour localization with the help of the concentration of
radiopharmaceutical in PET images; an additional information on
final diagnosis to determinate the exact size of the tumour or the

detection of lesions not visible on PET because of the low con-
centration of radioactivity in those areas. On the other hand, the
co-registration of PET images using a metabolic agent facilitates
the distinction of malignant and benign tissues and the early de-
tection of tumours that are not still visible in CT.[3]

The PET/CT system main problem is not the engineering com-
plexity of combining both scanners CT and PET within the same
gantry but the position of the patient in each system separately.
To answer this question a patient handling system (PHS) between
the two rings of detectors was developed (figure 1, c).[3]

FIG. 1: (a) PET/CT commercial system. (b) Positioning the
patient within the gantry. (c) Scheme of a PET/CT system con-
struction.[3]

A PET/CT system presents a set of standard characteristics
such as image acquisition and manipulation, the definition of re-
gions of interest (ROIs) and the calculation of the standardized
uptake values (SUVs). The image acquisition and reconstruction is
possible by specific software and hardware, that used mathematical
algorithms, as well as by the fusion of both images.[3]

The goal of this study was the characterization of both spatial
resolution and contrast of Biograph PET/CT True Point 6 system
with True Vue of Siemens (Molecular Imaging, Siemens Medical
Solutions USA). Fundamental tests were conducted (uniform phan-
tom, phantom with hot spheres and phantom with cold spheres)
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by using a standard phantom (Flanged Jaszczak). For this study it
was necessary to determinate the standardized uptake value, SUV,
that is given by the ratio between the amount of FDG present
in a certain volume and total activity administered to the patient.
From the definition of the volume of interest (VOI) the system soft-
ware indicates the maximum, minimum and average SUV. These
parameters are important to distinguish between malignant lesions
and benign lesions. Another essential quantitative parameter is the
definition of a region of interest, ROI, that is used to determinate
the profiles of this lesions.[5]

In this paper we started to describe the characterisation of the
physical principles for the operation of a CT and PET systems.
Then, the Biograph PET/CT True Point 6 system (with True Vue,
Siemens Medical Solutions USA) physical characteristics was de-
scribed and finally the tests and results description were made.

II. CHARACTERIZATION OF THE PHYSICAL
PRINCIPLES FOR THE OPERATION OF A CT

SYSTEM

A. Interaction of radiation with matter

The photons interact with matter by three dominant mecha-
nisms: photoelectric process, Compton scattering process and pair
production process. The photoelectric effect is dominant in hu-
man tissues for energy below 100 keV, approximately, presenting
a very important role in X-ray images. The Compton scattering
process dominates in human tissues for energy between 100 keV
and 2 MeV. As the photon energy increases, the probability of the
photoelectric process decreases and the Compton scattering occurs
with more probability. However, for energies over 1MeV Compton
effect decreases.[6]

B. X-Rays

X-rays are high energy photons (between 103eV and 106eV ),
from electronic transitions in atoms, that are produced from an
accelerator beam of electrons, which is called the X-ray tube.

This beam is produced by the potential applied (tens to hun-
dreds of kV) between a negative electrical potential region (cath-
ode), that emits electrons from a metal filament, and one positive
potential electrical region (anode), where there is a metal target.
[7]

The current and voltage applied to the tube, as well as the type
of target, determine the intensity and energy of X-rays. The larger
the difference in potential applied to the tube and higher the atomic
number, Z, of target, the greater the energy of X-rays.

Vacuum inside the tube allows greater speed of electrons and
larger number of electrons that reach the anode, thus reducing the
interaction between electrons and molecules of gas. A high output
power of the tube is essential in diagnosis with X-rays because it
implies a lower time of exposure to have the same statistics, in
turn, it reduces the appearance of artefacts on the images due to
the movement of the patient and their internal organs (heart, for
example).[7]

C. Linear Attenuation Coefficients of X-Rays

The combination of physical processes that are involved with the
interaction of radiation γ with matter, is described by the attenu-
ation coefficients of X-rays, µ, given by:

µ = τ + σc + κ (1)

Where τ is the contribution of the photoelectric effect, σc Comp-
ton effect and κ of pairs producing.

The linear attenuation coefficient decreases as the photons en-
ergy increase and increases as the atomic number and density of
matter increase. The attenuation coefficient, for each point of the
image, is determined by the average of attenuation of all X-rays
that pass through that point.

Each pixel of the image corresponds to a small volume (voxel) of
the object. A numerical value according to the X-ray attenuation
is assigned to each voxel to reduce its energy dependence and these
values are assigned to Hounsfield units (HU):

CT =
µ− µH2O

µH2O
× 1000 (2)

The Hounsfield units are very important in medicine where is
necessary to find the type of tissue that is examined. In the Bio-
graph PET/CT True Point 6 system the scale of Hounsfield units
is between -1000HU and 3000HU. The attenuation coefficients are
converted on a gray scale, after being translated into HU.[8]

D. Images properties

These images are characterized in terms of SNR, spatial resolu-
tion and contrast. The contrast is defined as the gray scale assigned
to the attenuation coefficients, by each system.

In image reconstruction, filters are used in order to improve the
spatial resolution and contrast. The application of low-pass filters
leads to images with less contrast but with a good signal to noise
ratio. In the other hand the application of high-pass filters leads
to images with well-defined contours and with better contrast.[6]

The patient movement and their internal organs (heart and res-
piratory system), the acquisition mode and image reconstruction of
the system cause artefacts in CT images. In third generation CT
systems with multi-slice, the acquisition time decreases and the
artefacts related to the movement of the patient decreases, which
is especially important for children. It is also possible to get a more
well-defined image of the liver and other organs, like ovaries and
spleen, to reach better detection and characterization of lesions as
well as to reduce the volume of contrast material where it is needed.

Another important aspect is the ability of these systems to in-
crease the filed of view which is essential to avoid the effect of over-
lapping images. Some of the disadvantages are noise increasing
with the slice thickness decreasing and the X-ray dose increasing
needed to thin sections with high quality.[7][8]

III. CHARACTERIZATION OF THE PHYSICAL
PRINCIPLES FOR THE OPERATION OF A PET

SYSTEM

From the three fundamental interactions in nature it can be
determined whether a nuclear energy is stable or unstable (nuclide).
Most of these nuclides are unstable and are called radionuclides,
which can be artificially produced in cyclotrons or nuclear reactors.

A. Positron decay, 18F-Fluorodeseoxiglicose (FDG)

In PET scanners radionuclides with positron emitters (particle
β+) are used (equation 3).

18
9 F9 →18

8 O10 + β+ + ν (3)

A 18F positron emitter is preferred, since it has a relatively
longer half-life (t1/2 = 109min), and is used to obtain the radio-
pharmaceutical Fluorodeseoxiglicose (FDG). An advantage of using



3

FIG. 2: Detectors A and B record attenuated count rates aris-
ing from the source located a distance a from detector A and b
from detector B. For each positron annihilation, the probability of
detecting both photons is the product of the individual photon de-
tection probabilities. Therefore, the combined count rate observed
is independent of the position of the source emitter along line or re-
sponse. The total attenuation is determined by the total thickness
D alone.[10]

FDG is because it is analogue of glucose that depicts a true rep-
resentation of cellular metabolism of organs and tissues, after in
vivo administration. As greater the metabolism, the consumption
of glucose in these cells increases and consequently, the higher FDG
concentration.[6][9]

B. Photons attenuation from an annihilation

By the interaction of the positron β+ with an electron that ex-
ists in matter, two photons with 0.511MeV of energy are emitted
in opposite directions, because of momentum conservation that is
approximately zero before the annihilation.[10]

If µ is the linear attenuation coefficient of photons that interact
with matter, a the distance travelled by the photon, from the point
of annihilation until the detector A, and b the distance travelled by
another photon from the point of annihilation until the detector B
(figure 2), the probability of detection of an event in coincidence is
given by:

P = e−µa × e−µb = e−µ(a+b) = e−µD (4)
Where D is the total thickness of matter (figure 6).[10]
When the photons pass through different materials with different

thicknesses, giving rise to different coefficients of attenuation, the
equation 4 takes the following form:

P = e−
∑n

i=0 µiDi (5)
Where, µi and Di correspond to the attenuation coefficient and

thickness of each material in the object, respectively, and n is the
number of materials.[10]

C. Image properties

The system loses many events from annihilation at the centre
of the object compared to those that occur at the periphery and
this originates PET images non-uniformities. These artefacts re-
sult from photoelectric absorption, random coincidences, scatter
coincidences and multiple coincidences.[3]

In addition to these artefacts there is another one related to the
distance that the positron has to travel after their emission until
they combine with an electron that contributes to the uncertainty
of the nuclei decay localization. In this type of diagnosis it is impor-
tant to know the exact localization of nuclei decay and that many of
the photons are not strictly emitted at 180o. This distance is cru-
cial to study PET scan spatial resolution.[3] The spatial resolution
is the scan ability to measure and reproduce correctly the image of

an object, by clearly representation of radioactivity distribution in
the object.[6]

IV. METHODOLOGY

A. Biograph PET/CT True Point 6 with True Vue,
Siemens

1. CT Instrumentation - Third-generation CT scanner with
multi-slice

Computed Tomography is a radiation technique in which a beam
of photons pass through the object by a fine axial section. The
intensity of the beam attenuation that emerges from the object is
measured by a set of detectors that are directly opposite to the
source. With the development of the third generation systems in
medical imaging, the first 3D computed tomography system with
multi-slice, in 1998, emerged. The advantage in such systems is the
possibility of acquiring several slices at the same time and therefore
a shorter X-ray dose.

A third generation CT system the X-ray tube and detectors
(equiangular geometry) rotating synchronously around the object,
about 1s to 3s. The multi-slice CT system used is called Somatom
Sensation 16, which reduce the acquisition time (to 0.6 s) and also
increases the length of scan. In this system thinner Collimation
sections can be used compared to other systems (1.0, 1.25, 2, 2.5, 3,
4, 5, 6, 8, 10 mm). The scanner consists of 6 ceramic detectors (that
allow a large X-ray absorption) arranged in 16 parallel rows (figure
3), which run synchronously with the X-ray tube. Are applied
currents between 20 and 345mA and voltages of 80, 110, 130 kV to
the X-ray tube. [11]

FIG. 3: Multi-slice CT Somatom Sensation 16 of Siemens.[11]

An important characteristic of CT Somatom Sensation 16 is the
extension of the field of view (FOV) to 70cm and the reconstruction
of 4 slices per second. A CT image is composed by a set of axial
slices along the length of the object.

2. PET Instrumentation

The PET system used consists of several full rings of static detec-
tors, Lutetium Oxyorthosilicate scintillation crystals (LSO), cou-
pled to a set of photomultipliers.

The coupling of a large number of detectors, with the photomul-
tipliers, makes the system very dense and complicated. To avoid
complex systems, hence denser and more expensive, the first PET
scanner emerged in 2000, where a block of detectors is character-
ized by a number of detectors (LSO crystals) coupled to a small
number of photomultipliers. [10] This PET scanner is composed
by a block of detectors that is characterized by 169 crystals for a
couple of 4 photomultipliers. Each block of detectors is connected
to an electrical circuit which defines the time of detection, during
which it will accept a coincidence resulting from an annihilation
(times are typical of the order of some s - 4.5 ns in this case). The
characteristics of PET are listed in figure 4.
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FIG. 4: Biograph PET True Point 6 with True Vue, Siemens.[11]

In this system the FOV is defined by the number of rings, the
number of detectors per ring as well as by the distance between
detectors in coincidence. The higher the number of detectors per
ring, and thus the number of photomultipliers, better is the spatial
resolution of the system. The range of projections corresponds to
an acceptance angle in the transverse plane, which depends on the
FOV.[7][10]

1. Sensitivity
The PET system sensitivity is defined as the number of
counts per unit of time detected by the system, per unit
of activity in the source (usually expressed in cps/µCi or
cps/MBq). This sensitivity depends on the geometry of the
system and its method of detection. The geometry depends
on the distance between the source and detectors, the diam-
eter of the ring and the number of detectors per ring. In-
creasing the distance between the detector and the source,
decreases acceptance angle and reduces the geometric effi-
ciency of PET system (the same happens with the diameter
of the ring of detectors). The sensitivity also increases as
the number of rings of detectors increases.[6]
This sensitivity is also linked with the 3D data acquisition
possible in this PET system. The difference between a 2D
system data acquisitions and a 3D system data acquisition
is in the mode of acquisition. In 2D data acquisition septa of
tungsten or lead are used between the rings of crystals, in an
attempt to eliminate the random coincidences, scatter and
multiple coincidences. In a 3D data acquisition coincidence
events can be detected by all pairs of detectors, even if they
are in different rings. This difference increases the sensitivity
of 3D scanners detection when compared with 2D systems.
This sensitivity is higher in the axial centre of FOV that at
the periphery.[6]

2. Spatial resolution and contrast
A PET reconstructed image should uniformly represent the
radiotracer distribution and accurately throughout the field
of view. However, because of the limit of the spatial res-
olution of current PET scanners, "hot" spots (structures)
relative to a "cold" background that are smaller than twice
the resolution of the scanner show partial loss of intensity,
and the activity around the structure appears to be smeared
over a large area that it occupies in the reconstructed image.
While the total counts are preserved, the object appears to
be larger and to have a lower activity concentration than it
actually has. Similarly, a cold spot relative to a hot back-
ground would appear smaller with high activity concentra-
tion. Such underestimation and overestimation of activities
around the smaller structures in the reconstructed images is
called the partial-volume effect, and this reduces the contrast

between high and low uptake regions. The contrast is a vari-
ation in the density of counts between different structures of
the object.[6] The spatial resolution is usually characterized
and expressed as the full width at half maximum (FWHM)
of the Gaussian function that is used as an approximation
to the profile of a structure.[10]

B. Flanged Jaszczak phantom

To study the main characteristics of Biograph PET/CT True
Point 6 with True Vue (Molecular Imaging, Siemens Medical Solu-
tions USA) some tests were carried out using a standard Flanged
Jaszczak phantom (figure 5). By these tests the spatial resolution
and contrast in PET/CT images and the interdependence between
these systems were studied. This aims to improve the conditions
for PET/CT image acquisition in clinical practice.

This phantom is the most popular in the market for testing
PET/CT systems (figure 5).

FIG. 5: (A) Acrylic Flanged Jaszczak phantom used in test con-
ducted in a PET/CT system at Dr. Natália Chaves Clinic. (B) It
consists of a set of six spheres, 1 to 6, of different sizes and a plastic
structure with tubes of different thicknesses.

The phantom has a diameter of 21.6 cm and a height of 18.6
cm inside. Their walls have a thickness of 3.2 mm. This phantom
consists of a set of six spheres (numbered 1 to 6, figure 13 B) of
different sizes (figure 14) and a plastic structure with tubes of differ-
ent thicknesses. This structure, as well as the spheres are removed
(Figure 13 (B)) and can be replaced by other similar structures
with different characteristics. These spheres have a very special
characteristic, they are hollow, witch is a determining factor in the
use of these spheres, and can be filled with water, with FDG or by
air (figure 6).

FIG. 6: Spheres real diameters and volumes.

C. Testing procedure

IIn all tests performed on PET/CT system, we considered the
X-rays production, current and voltage applied to the x-ray tube,
and PET acquisition time.
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To study the CT images noise four, current/tensions combina-
tions we selected taking account the characteristics of this scanner:
CT1 (30mA,130kV), the most widely used in clinical practice; CT2
(15mA,130kV); CT3 (45mA,130kV); CT4 (30mA,110kV).

In PET the representation of objects of different sizes (spatial
resolution) was quantitatively studied and the contrast in these
structures was analysed. Several different acquisition times were
used in this system (between 30min and 2min).

These tests were accompanied by one of the technicians in the
clinic whenever possible because of his experience in handling the
FDG. The FDG is provided by the laboratory PET Pharmaceu-
tical Technology Institute, in Madrid. However, the doses are re-
treated by NMC 30/DDS-VF (Nuclear Medicine manipulation cell,
Tema Sinergie s.r.l. Faenza) at Dra. Natália Chaves clinic. This
equipment provides information on the sample activity and time
extraction (important in data processing).

In these tests the configuration of the phantom was modified in
accordance with the methodology adopted. The tests performed
are described below:

1. Uniform phantom
The phantom was filled with water and with 7.76mCi (was
divided at 16h35) of FDG injected at 17h51. Four differ-
ent PET acquisition times of 2min (PET2), 5min (PET5),
10min (PET10) and 15min (PET15) were considered, pre-
ceded by the four CT acquisitions (CT1, CT2, CT3, CT4).

2. Phantom with hot spheres
The spheres were filled with FDG, and the phantom was
filled only with water. The sample was removed at 15h20
and it was measured 3.7mCi. The sample was diluted in
101.3 ml of distilled water and each of the spheres was filled
up. The total volume of the spheres is 31.5 ml so the to-
tal injected dose was only 1.15mCi. Four different PET
acquisition times of 5min (PET5), 10min (PET10), 15min
(PET15) and 30min (PET30) were used, preceded by four
CT acquisitions (CT1, CT2, CT3, CT4). The variation in
PET acquisition time, compared with the uniform phantom
test, was necessary because some of the spheres have small
dimensions, which makes useful more statistical counts.

3. Phantom with cold spheres
The spheres were filled with distilled water and the phantom
was injected with 5.64mCi at 18h50 and filled with water.
The four CT acquisitions (CT1, CT2, CT3, CT4) were made
first and then the four PET acquisitions (PET5, PET10,
PET15 and PET30).
The distilled water is chemically pure water, which is puri-
fied by distillation to remove dissolved salts and other com-
pounds. The elimination of these impurities leads to a lower
absorption of X-rays.

V. RESULTS

A. Uniform phantom

1. CT image noise

The absolute error was measured as a function of CT noise (fig-
ure 7).

There is not significant difference in absolute error between the
four CT combinations (2,25HU to 2,5HU). However, the noise
varies considerably. The absolute error is not zero because the
phantom was filled with water that has impurities. A higher noise
for CT2 (15mA/130kV) acquisition mode is observed and CT4
(30mA/110kV) when compared with CT1 (30mA/130kV) and CT3
(45mA/130kV). This happened because the application of low cur-
rents to the filament leads to low production of X-rays and the

FIG. 7: Absolute error as a function of CT noise for CT1
(30mA,130kV), CT2 (15mA,130kV), CT3 (45mA,130kV) e CT4
(30mA,110kV).

application of low tensions to the X-ray tube leads to X-rays with
low energies. However, CT1 has a lower absolute error when com-
pared with CT3.

From this analysis it was concluded that the application of a
current of 30mA and a voltage of 130kV to the X-ray tube is the
most desirable to carry out diagnoses with the Biograph PET/CT
True Point 6 System with True Vue, Siemens.

2. PET image noise

PET image noise was studied (figure 8) for PET acquisition
times of 2min, 5min, 10min and 15min preceded by the four CT
acquisitions (CT1, CT2, CT3 e CT4).

FIG. 8: PET images noise for acquisition times of 2min, 5min,
10min and 15min preceded by the four CT acquisitions (CT1, CT
2, CT 3 e CT 4).

It is observed, regardless of the CT combination used in PET
image reconstruction that, for higher PET acquisition time there
is less noise. The number of coincident events counts increases as
the acquisition time increases.
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3. PET noise as a function of CT noise

In this study (figure 9) the PET image noise, for the same PET
acquisition times (2min, 5min, 10min e 15min), and the CT image
noise, for each CT combinations (CT1, CT2, CT3 e CT4), were
considered.

FIG. 9: PET noise as a function of CT noise. For the acquisition
times of 2min, 5min, 10min e 15min and for CT1 (30mA,130kV),
CT2 (15mA,130kV), CT3 (45mA,130kV) e CT4 (30mA,110kV).

It is observed that PET image noise is independent of current
and voltage applied to the X-ray tube, used in image PET recon-
struction. This independence is more visible in PET image for
higher PET time acquisition.

B. Phantom with hot spheres

1. Contrast

The contrast as a function of the spheres diameter was studied
(figure 10). The SUV average for each sphere VOI and for the
central zone VOI of phantom had been account.

FIG. 10: Hot spheres contrast as a function of their diameter, for
times acquisition of 5min, 10min, 15min and 30min.

The contrast (between 97% and 99,7%) increases as the spheres
diameter increases. The bigger spheres have more contrast, inde-
pendent of PET time acquisition, in compares with the smaller

ones where the difference in contrast due to the PET time acqui-
sition is remarkable. The contrast in the smallest sphere (sphere
6) is higher for acquisition times of 15min and 30min. Despite this
sphere presents a considerable contrast it appears with an irregular
shape in PET image. Structures with lower contrast, at least 4%,
comparing with sphere 6, they would not be visible in the images
and therefore would not be diagnosed.

2. Aaverage/Areal as a function of spheres diameter

The activity in this spheres and the Aaverage/Areal ratio de-
crease as the spheres diameter decrease (figure 11).

FIG. 11: Aaverage/Areal as a function of spheres diameter, for
PET acquisition times of 5min, 10min, 15min and 30min.

The average activity inside the bigger spheres (spheres 1 and 2)
is nearly the activity predicted and is independent of PET acquisi-
tion time. For the smaller spheres Aaverage/Areal ratio suddenly
decreases and PET acquisition time begins to reveal importance.
In the smallest sphere (sphere 6) there are more statistical counts
for PET acquisition time of 15min and 30min.

3. Hot spheres diameter

The diameter of each sphere was calculated by their ROI that
were fitted to a Gaussian. It was considered the full width at half
maximum (FWHM) of the Gaussian distribution, that corresponds
to the sphere diameter (figure 12).

For PET acquisition time of 30 min the relative error of the
sphere diameter decreases between 28% and 32% for the biggest
sphere (sphere 1). This error increases up to sphere 4, between 40%
to 45%. These values are acceptable because they were acquired
for slices with 5mm. In the smallest spheres (spheres 5 and 6) the
absolute error value corresponds to a pixel thickness, approximately
(5,35mm), which justifies the value of the relative error.

Is necessary have into account the partial volume effect that
degrades the definition of the structures and the definition of their
dimensions. It was observed, in general, less relative error for CT1
and more relative error for CT2, as we expected, however, this
variation are not significative.
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FIG. 12: Relative error and absolute error of the six hot spheres
diameter for PET acquisition times of 5min, 10min, 15min and
30min and for CT1 (30mA,130kV), CT2 (15mA,130kV), CT3
(45mA,130kV) and CT4 (30mA,110kV).

C. Phantom with cold spheres

1. Contrast

The contrast was studied as a function of the spheres diameter
as it was done in phantom with hot spheres test (figure 13).

FIG. 13: Cold spheres contrast as a function of their diameters for
PET acquisition time of 5min, 10min, 15min and 30min.

In this case the spheres have lower contrast, by compares with
hot spheres, where the higher value was 51,3% for the biggest
sphere, due to the partial volume effect. This effect is more visible
in cold spheres. The contrast is influenced by the PET acquisition
time, being for 15min and 30min. In the smallest sphere (sphere

6) was observed a difference of 15o/o between acquisition time of
30min and 5min. This contrast is lower than the other ones witch
makes this sphere almost invisible in PET images.

2. Aaverage/Areal as a function of spheres diameter

From the conclusions about the contrast it may be deducted
that the Aaverage/Areal ratio decreases as the spheres dimension
decreases (figure 14).

FIG. 14: Aaverage/Areal ratio as a function of spheres diameter,
for PET acquisition times of 5min, 10min, 15min and 30min.

For the smallest spheres the Aaverage/Areal ratio converges to
one and for the biggest ones this ratio converges to zero. The larger
the size of the sphere, for bigger PET acquisition time, the lower
Aaverage/Areal ratio. However, this ratio did not achieve the min-
imum in the biggest spheres because of the partial volume effect.
For the smallest sphere (sphere 6) Aaverage/Areal ratio is almost
one for acquisition time of 5min, the sphere being undistinguishable
in PET images.

3. Cold spheres diameter

As made for hot spheres, it was considered the full width at
half maximum (FWHM), given by the Gaussian distribution, that
corresponds to the sphere diameter (figure 15).

On phantom with cold spheres test slices with 2,5mm were ac-
quired witch explains lower relative errors in compares with the
phantom with hot spheres test.

For the bigger spheres (spheres 1, 2, 3 and 4) the relative error
decreases as the PET acquisition time increases and increases as
the spheres diameter decreases. For the same sphere the relative
error is lower for image reconstructions with CT1. For the smaller
spheres (sphere 5 and 6) the system can detect these structures but
do not have sufficient statistic for a pore definition of them.

VI. CONCLUSIONS

The standard phantom Flanged Jaszczak as used to study the
spatial resolution, the interdependence between PET and CT
systems and contrast on Biograph PET/CT True Point 6 with
True Vue, Siemens (Molecular Imaging, Siemens Medical Solutions
USA).
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FIG. 15: Relative error and absolute error for the six cold
spheres diameter for PET acquisition times of 5min, 10min, 15min
and 30min and for CT1 (30mA,130kV), CT2 (15mA,130kV), CT3
(45mA,130kV) and CT4 (30mA,110kV).

On uniform phantom test it was observed a small variation in the
absolute error (between 2.25HU and 2.5HU) in CT images. How-

ever, the noise variation was remarkable for the four CT combina-
tions: CT1 (30mA e 130kV); CT2 (15mA e 130kV); CT3 (45mA e
130kV); CT4 (30mA e 110kV). In PET images noise the absolute
error decreases as the acquisition time increases independently of
the CT characteristics used. It was concluded that the application
of a current of 30mA and a voltage of 130kV to X-ray tube is the
most desirable to carry out diagnoses by this system. Although,
was concluded too the independence between PET and CT systems
in PET images noise.

In phantom with hot spheres and with cold spheres tests, was
verified that the contrast increases as the spheres dimensions and
PET acquisition time increases. However, for smaller spheres it
was observed contrast variation with PET acquisition time that is
more visible in cold spheres. In hot spheres the contrast is between
97% and 99,7%. This indicates that the detection of ”hot spots” is
the most desired in diagnosis with radionuclides.

On spheres diameters determination it was observed smaller rel-
ative errors in phantom with cold spheres test when compared with
phantom with hot spheres test because slices for 2.5mm and 5mm
was acquired, respectively. This leads to a difference of 25% in the
spheres diameters. In both studies was observer that the smaller
spheres (sphere 5 and 6) can be detected by the system but it was
difficult to define their diameters. That happened because of the
size of each image pixel (5,35mm) and slice thickness that was ruled
a lower coincidence counts in these spheres and consequently the
determination of their diameters.

In conclusion, the detection of hot structures is the more desired
in diagnosis with radionuclides for longer PET acquisition times.
The image study with the cold spheres and with hot spheres was
always observed the partial volume effect, which is more visible for
cold spheres.

Some conditions were varied over the tests like the current and
voltage applied to the X-ray tube, the slice thickness and PET
acquisition time. Many other combinations could have been con-
sidered, like images reconstruction mode, to improve the diagnosis
and the qualitative study of imaging.
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