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Abstract

Radiology is one of the fastest growing branches of medicine, and precisely one of the devices that follows
this development the fastest is the computerized tomography device. Scientists are most focused on
research into improving the parameters of the X-ray tube and detector as the most important parts of this
imaging modality. In addition to the detector with energy integration, which is widely used today as part of
everyday clinical practice, the subject of research is also a Photon countng detector. The numerous virtues
that stand out in the new type of detector are responsible for the general opinion that in the future this new
technology will dominate CT devices in clinical practice, improving the acquisition of numerous diagnostic
and interventional procedures. It is believed that this technology ushers radiology into a new era precisely
with its improved spatial and contrast resolution, noise reduction and increase of contrast to noise ratio,

but also with new possibilities such as simultaneous imaging of multiple contrast agents and multi-energy
imaging. Improvements in the visibility of iodine contrast agent provide additional diagnostic possibilities

and more accurate differentiation of benign and malignant suspected lesions. The significantly smaller pixel
size on this detector offers an almost two-fold increase in spatial resolution, and thus an increase in radiation
dose efficiency. The use of a detector with a photon counter is therefore also suitable for pediatric patients,
and there is also a wide range of low-dose imaging options for the purpose of preventive cancer screening.
Processes such as the material decomposition and spectral imaging are still in the research process, but have
great potential to optimize future daily clinical practice. More work and published research results are needed,
but surely this technology will one day make the work of radiologic technologists and radiologists easier.
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Abbreviations and acronyms: CNR (Contrast-to-noise ratio), CT (Computed tomography), EID (Energy
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Introduction

Computed tomography (CT) is a radiological imaging mo-
dality that represents the greatest progress in radiology
after the discovery of X-rays in 1895 [1, 2]. CT represents
the first digital radiological method. The development of
CT is not directly related to the discovery of X-rays, but to
the development of computer techniques [3]. By defini-
tion, CT is an imaging technique that uses a collimated
beam of X-ray radiation to obtain axial layers of the im-
aged object [1, 2]. Regardless of radiation dose concerns,
CT imaging has become an “indispensable tool” in many
branches of medicine [3]. Constant technological progress
improves the diagnostic value of CT and there is an in-
creasing number of indications for this examination [4].
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This is supported by data from 2021 that over 80 million
CT scans are performed annually in the USA alone, which
makes CT the most important and widespread imaging
modality for obtaining diagnostic information for the
purpose of treating patients [5]. The most important char-
acteristics of this device are high scanning speed, wide
availability of the device and software aspects, for exam-
ple high spatial resolution [6].

Historical overview of the
development of the CT device

Following the history of science, it is evident that at the
turn of the 19th and 20th centuries, revolutionary discov-
eries were made in medicine and physics. The combina-
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tion of engineering and knowledge in medicine enabled
the development of diagnostic imaging as we know today
[7]. In 1972, the first commercial CT device was put into
use (Figure 1), and in 1979, Godfrey Hounsfield and Alex
Cormack won the Nobel Prize for the discovery and con-
struction of this device. Later, the unit used in the inter-
pretation of images created by CT technology was named
after Godfrey Hounsfield. With the beginning of the use of
CT devices, we also associate the beginning of the use of
computers in radiology and the first steps in the gradual
digitization that followed in the coming decades [1, 2].
The first constructed CT devices were intended only for
scanning the head and brain because the examination
took a long time, and for a good image the patient was
required to be completely still. Devices of the second gen-
eration, which began to develop in 1975, enable imaging
of the head and the rest of the body.

Figure 1. The first CT device and the first
image taken with the CT device
Source: https://www.ncbi.nlm.nih.gov/pmc/articles/

PMC8555965/pdf/|MI-008-052110.pdf

The development of CT took place in several stages,
which are called generations of CT devices, and each
generation differs from the previous one by the improved
performance of the detector and the mutual relation
and path of movement of the X-ray tube and the detec-
tor [2]. After the appereance of spiral CT technology, the
division according to device generations was abandoned.
Today, only spiral CT devices are used, which as a work-
ing principle have a continuous rotation of the X-ray tube
and detector “banana” around the imaged object, and
the table with the patient simultaneously moves linearly
through the primary beam of radiation [1, 2]. The primary
X-ray beam forms a spiral around the patient’s body, so
in that way it's scanning a large anatomical volume in a
short exposure time [2]. Devices of the latest generation
are called Multislice computed tomography (MSCT) [1, 21.
They have up to 320 rows of detectors in the detector ba-
nana, and each row contains several hundred (600-800)
detector units. Then it became possible to scan a large
volume of the body in one acquisition and shorten the ex-
amination time and radiation dose. Various image recon-
structions are performed by processing raw data, and the
thickness of the transverse layer can be as much as 0.5
mm, and high spatial resolution images are obtained with
a very good view of fine structures [2]. Since its first use,
i.e. since the introduction of CT devices into medicine,
its importance and field of application have exceeded all
expectations of the researchers responsible for this tech-
nology [3].
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Working priciple of the CT device

In interaction with electrons, X-rays cause electrical and
chemical reactions that are recognized on detectors as
photons of visible light due to scintillation and contact with
photodiodes [7]. The operating principle of the CT device
is based on attenuation, i.e. the weakening of the X-rays
passing through the imaged object. Attenuation occurs
as a result of the passage of a useful beam of X-ray ra-
diation through tissues of different atomic number, more
precisely, of different density. Energy is absorbed and
dissipated, and the differently attenuated X-rays fall on
the radiation detector, which converts them into electrical
signals proportional to the attenuation, and a CT image
of different shades of gray scale is created, depending on
the energy of the X-rays reaching the detector. The image
is displayed on the screen as a matrix of pixels of different
shades, and is created by data processing with complex
mathematical algorithms.

Attenuation of X-rays can be quantitatively measured
by Hounsfield units (HU) or so-called CT number [1, 2]. It
is an agreed-upon scale that indicates the damping coef-
ficient in the range from -1000 to +3000, where water is
always 0, numbers in the negative part of the scale indi-
cate tissues such as fat and air, and numbers in the posi-
tive part indicate fluids, parenchymal organs, bones and
others structures [1, 2, 3]. With newer devices, the scale
has been extended to values from -10,000 to +30,000,
where the most negative value is the mark for air, and the
most positive for bones and metals. The extended scale is
used for a better display of implants, metals in the body or
prostheses. CT devices work on the principle of recording
one plane of the body, i.e. transverse or axial, and the dis-
play of the coronary and sagittal planes, and if necessary
oblique projections, are created by reconstruction from
the data obtained by recording axial layers. The contrast
resolution of the CT device has been greatly improved, so
when editing the image in postprocessing, it is possible to
select different windows with different gray scale levels
that improve the visibility of target tissues [1, 2].

The main parts of the CT device

The main parts of the device include the gantry, the table
on which the patient lies, the high-frequency generator,
the control unit for radiologic technologists and doctors,
and the software for storing images. The gantry contains
the most important parts, i.e. the X-ray tube and radiation
detectors, as well as the tube and device cooling system
[2]. In the rotating part of the gantry there are also slip
rings, i.e. sliding rings that enable continuous rotation of
the x-ray tube and detector banana, as well as accelerated
rotation and reduction of the duration of the examination,
without tangling the cables that supply the X-ray tube
with electricity [8]. X-ray tubes on CT devices operate at a
voltage of up to 140 kV and are made of materials with a
high thermal capacity [2]. An X-ray tube primarily consists
of a cathode and an anode located inside a vacuum glass
tube, and X-rays are produced by accelerating electrons
and their impact on the anode’s focal point [3]. An impor-
tant component of a CT device is a collimator that creates
a narrow beam of X-rays at the exit of the X-ray tube. It is
made of lead or other metals with a high atomic number.
The collimator ensures the directing of the primary beam
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of X-rays to the patient and maximum collimation in order
to reduce the radiation dose [2].

Detectors on the CT device

CT technology belongs to digital radiological methods,
which means that, specifically in CT devices, the electrical
pulses that arise due to the collision of the X-ray beam
with the detector are digitized in an analog-to-digital
converter. Then, using special software and computer
programs, the signals are further converted into a visual
image on the monitor of the control unit [2]. The transi-
tion to such detectors represents a complete transition of
radiology to a digital way of working, and digital detectors
enable a qualitative and quantitative representation of
the absorption of X-rays through the recorded object [1,
2, 71. The digital image displayed on the monitor is com-
posed of basic image elements (pixels). Each pixel also
forms a volume element of the image (voxel), the other
two dimensions which indicate the thickness of the layer
recorded by the CT device. These elements together form
the image matrix, which determines the spatial resolution.
The greater the number of pixels, or voxels in the matrix,
the better is the spatial resolution. On today’s devices, the
usual matrix size is 1024 x 1024 pixels [1, 2].

In modern devices, the detector system is called a
detector “banana”, which means the placement of the
detector in an arc, i.e. linear. There are scintillation and
gas detectors. Scintillation detectors work on the principle
of scintillation, i.e. the shimmering of the material. After
the contact of X-rays with certain materials, they scintil-
late or it may be said that they sparkle, and the amount
of visible light produced by scintillation is proportional to
the amount of ionizing radiation that came into contact
with the detector [2]. There are also gas detectors, and
the noble gas xenon is used the most. In ionization sec-
tions that were filled with gas, X-rays ionized gas atoms
and interacted with electrons. This technology was mostly
abandoned in the eighties of the last century because
solid-state detectors had better properties and enabled
greater sensitivity and resolution [2, 7]. The radiation de-
tector is a fundamental component for image creation and
significantly affects image quality and dose efficiency [4].

Energy integrating CT detectors

CT devices that are in use today have the Energy inte-
grating detectors (EID). Today's detectors are mostly
scintillation, built of the ceramic material gadolinium
oxysulfite, and scintillation occurs when the X-ray comes
into contact with the detector, and the photodiode con-
verts visible light into an electrical signal for creating an
image [7, 9]. This type of conversion and signal process-
ing is called indirect conversion [10]. Individual elements
of these detectors are separated by thin septums (Figure
2), but this reduces the efficiency of X-ray detection and
affects the spatial resolution [9]. Thin optical barriers are
directing light towards the optical photon sensor [11].
The intensity of the resulting light is proportional to the
energy and number of incident photons, however, it does
not represent the energy of individual, but the integrated
energy of several incident photons [7, 9]. The name “En-
ergy integrating detectors” originates from this fact, be-
cause the electrical signal is ultimately proportional to the
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total X-ray energy integrated in the detector [9]. Quality
control of these detectors is performed every 6 months,
while calibration is performed daily to optimize imaging

ys

} Reflectors/septa

K

parameters [12].
Xera
I I) Photadiodes

AR

\ Electronic signals

Figure 2. Schematic representation of the
Energy integrating detector and its septums
Source: https://pubmed.ncbi.nim.nih.gov/36047540

The aim of the article

The aim of this article is to describe the new detector
technology for CT imaging and highlight its technical
characteristics and innovative solutions. The article is
supported by literature published over the last 10 years in
publicly available databases, especially scientific research
that emphasizes the clinical implementation of the detec-
tor and the comparison of the Photon counting detector
(PCD) in relation to the EID detector.

Discussion

Development of the Photon counting CT detector

The development of CT detectors reaches its peak with
the development of the PCD detector, which registers
every single incident photon and reads its energy [7]. The
greatest development of this type of detector was in the
past decade. Recent advances in semiconductor design
have enabled the detection of a single photon and ac-
celerated the development of these detectors [10]. Until
recently, the PCD detector was used only for nuclear im-
aging because the amount of incident photons is much
smaller than for CT, but constant innovations in physics
and engineering bring changes and improvements to this
system and enable new clinical applications of the PCD de-
tector [4, 12]. Prototypes of CT devices with a PCD detec-
tor were set up in the research laboratories, and research
was mostly performed on phantoms and small animals
[13]. Phantom analyzes were, for example, performed for
dedicated diagnosis of stroke, when it is crucial to observe
small intracranial hemorrhages and occlusions of large
arteries of the brain. The advantage of the PCD detector
in the form of a reduced pixel size comes to the fore in
these images. Research has shown an improvement in the
visibility of millimeter lesions by 20% with PCD detectors
[14]. The first PCD system that could perform diagnostic
tests on humans was introduced in 2010 [15]. The first
approval for use for clinical purposes was issued by the
American Food and Drug Administration (FDA) on Septem-
ber 30, 2021 [16].
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Characteristics of the Photon counting CT detector

PCD detectors have a two-layer structure (Figure 3). The
upper layer consists of a sensor made of cadmium and
tellurium, and sometimes zinc or silicon, which is hit by
X-rays, and the lower layer is a bottom with a matrix of
pixels [4, 7]. The bottom layer is called the layer of anodes
that are connected to integrated circuits. Complex sensors
are 2-3 mm thick and absorb X-rays in the range of 20-140
kV [12]. The absorption efficiency of incident photons de-
pends on the sensor material and its thickness. Materials
with a high atomic number, such as CdTe sensors, have
higher absorption efficiency and are the most commonly
used sensors in PCD detectors [17]. The matrix consists of
approximately 250,000 pixels, each with an area of 0.05
mm2. In the upper layer, photons perform ionization, i.e.
release electrons, and then the microelectronics from the
lower layer registers the photons and their energy [7].
Between the two layers of the detector, traveling from the
anode to the cathode, a negative bias voltage is created
which is responsible for creating the electric field [12].
Quantitative measurement of the amount of energy of
individual photons occurs in several phases, i.e. predeter-
mined energy thresholds or containers [7]. Each detected
output signal is compared with pre-calibrated values
and incident photon energies are distributed into energy
thresholds. The number of possible energy thresholds de-
pends on the design of the detector, but most often it is
between 2 and 8. Energy thresholds should be set before
exposure, and energy threshold values are expressed in
kv [18].
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Figure 3. Schematic representation of
the Photon counting detector

Source: https://www.ncbi.nIm.nih.gov/pmc/articles/
PM(C9434736/bin/kjr-23-854-g001.jpg

Working principle of the Photon
counting CT detector

In order to develop PCD detectors, it is necessary to
achieve high counting speed with high detection effi-
ciency and optimal detector parameters [12]. The photon
counting rate required by clinical CT systems is about
one million counts per second per mm2 [19]. The PCD
detector counts individual photons in each individual en-
ergy window. The energy of each incident photon creates
electric charges that travel through the detector under
the influence of an electric field. The charges induce a
pulse signal that travels to the counter, one of the most
important components of the detector [12]. These detec-
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tors give photons of different energies a different shade
of gray scale in the final image, proportional to the en-
ergy of the incident photon. This enables a process called
energy weighting, which means determining the exact
energy value of each incident photon, despite the fact
that X-rays produce photons of a wide range of energies.
Energy weighting occurs inside the detector or during
image processing, so the contrast-to-noise ratio (CNR)
increases up to 15-57% compared to EID detectors [10].
Other processes also take place in the detector, such as
signal processing in the digital-analog converter and cali-
bration [12]. The output signal is processed in electrical
comparators and counters [18].

Spatial resolution of the Photon
counting CT detector

The PCD detector offers the potential to double the spatial
resolution compared to current detectors. Since 1990, the
spatial resolution has not improved significantly. That's
why PCD detectors are the real sensation because they
offer a significant increase in resolution with a minimal
increase in radiation dose. The lack of a scintillation layer
in these detectors greatly affects the improvement of
spatial resolution and the better use of Ultra hard resolu-
tion (UHR) imaging with a low dose of radiation [4]. The
lack of partitions, the so-called septa, between individual
detector units also increases the geometric resolution of
the PCD detector. Smaller pixel size eliminates the use of
comb filters and grid, in that way increasing dose utiliza-
tion rate. There is also a reduction of noise on the images
[18]. The spatial resolution of the PCD detector is between
2.81 and 4.00 Ip/mm compared to the EID detector, where
it is about 2.08 Ip/mm [4].

Some studies have compared the parameters of UHR
images and the MACRO mode, i.e. normal high-resolution
image. In UHR mode, the spatial resolution is 3.33 Ip/mm,
and the pixel size is 0.25 x 0.25 mm, while the pixel size
in MACRO mode is 0.5 x 0.5 mm. Research has shown

Figure 4. Comparison of the spatial resolution of
lung parenhyma and vertebra on the images taken
with EID detector (left) and PCD detector (right)
Source: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC9434736/bin/kjr-23-854-g002.jpg
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that the difference in pixel size and the use of certain
reconstruction algorithms improves the spatial resolution
by 87% and lowers the noise level by 15% [18, 20]. In
general, the pixel size is smaller for PCD detectors and
is 0.2-0.5 mm, while for EID detectors it is 1-1.4 mm. It is
concluded that the spatial resolution is significantly better
with the PCD system (Figure 4) [12]. By reducing the pixel
size, there is also criticism that it will cause an increase
in noise, but this possible problem is eliminated by using
the soft and sharp reconstruction kernels [21]. Research
shows the high superiority of the UHR mode in PCD detec-
tors compared to EID detectors. This has been proven in
studies that used images of phantoms, deceased patients
and volunteer patients [20, 22, 23].

Contrast to noise ratio of the
Photon counting CT detector

Noise on CT scans can be caused by two reasons, quan-
tum and electronic noise. Quantum noise is determined
by the number of detected photons and may depend on
random interactions and the nature of the photons them-
selves, while electronic noise is not related to the number
of detected photons, but originates from analog electronic
circuits. The type of noise that prevails depends on the
speed of photon flow to the detector, so that at high speed
guantum noise prevails, and when the number of incident
photons is low, the proportion of electronic noise is higher.
There are various noise reduction solutions on today’s
devices, and the noise is usually negligible when dealing
with clinical imaging of average-sized patients where the
average dose of radiation is used. Higher levels of noise
appear in low-dose imaging and in overweight patients,
where degradation of the imaging occurs. Higher levels of
noise also appear along the longitudinal line of the body,
for example along the line connecting the shoulders [24,
25]. Electronic noise is usually detected as a low energy
signal, so the PCD detector classifies it in lower energy
thresholds. For example, if the low energy threshold is set
to 25 kV, low energy noise amplitudes can be excluded
from the set of measured data, so they do not affect the
image quality. It is unlikely that photons with such low
energy will be of diagnostic significance, so such photons
can be excluded from the obtained data in order to reduce
electronic noise [18]. The key features of the PCD detec-
tor are better CNR and reduction of noise in the images,
which enables the reduction of the radiation dose and the
amount of contrast agent that is used (Figure 5) [26].

Figure 5. Comparison of the CNR on images
taken with EID detector (left) and PCD detector
(right) tested with anthropomorphic phantom
Source: https://www.ncbi.nIm.nih.gov/pmc/articles/
PM(C8409241/bin/nihms-1720806-f0002.jpg
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Radiation dose efficiency

Dose efficiency is a measure that depends on the per-
formance of the detector. The parameter that affects the
most on the dose efficiency is the noise in the image.
Noise and dose efficiency are inversely proportional. A
reduction of noise also means an increase of dose effi-
ciency, i.e. a decrease of the dose ultimately received by
the patient. The assessment of these parameters is per-
formed by measuring noise with an equal dose of radiation
[10]. The conducted research showed that for imaging of
small objects it is possible to increase the dose efficiency
by 30% using the noise reduction method [27]. The dose
efficiency is proportional to the CNR [28]. For appropriate
dose efficiency, it is important to ensure the optimization
of tube parameters, i.e. voltage and filtration, depending
on the diagnostic test [29].

Radiation dose reduction

Several features of the PCD detector are crucial for reduc-
ing the radiation dose, especially forimaging pediatric pa-
tients. Higher spatial resolution and better CNR increase
anatomical visibility in pediatric patients and decrease
the radiation dose delivered to the patient [21]. With the
UHR mode, the dose can be reduced by 20-30% without
degrading the image quality. Tin filters are used to remove
low energy photons, i.e. scattered radiation [30]. Lower-
ing the radiation dose is also useful for repeated imag-
ing in young patients with chronic diseases. For example,
low-dose lung imaging stands out because it provides an
excellent representation of anatomical and pathological
structures with a low dose of radiation, and also reducing
the long-term danger of repeated imaging [21].

Contrast agents

In radiology, different contrast agents are used for the
purpose of better visualization of structures in the body,
and their main working principle is changing the absorp-
tion of X-rays in the specific organ where it is applied. Posi-
tive contrast agents are made of chemical elements with
a high atomic number and absorb X-rays stronger than
the surrounding structures [1]. lodine is one of the most
commonly used contrast agents in CT examinations, but
sometimes its differentiation is difficult, for example dif-
ferentiation of the contrast agent from a calcified plaque
in the lumen of a blood vessel [10]. lodine belongs to the
group of water-soluble contrast agents and is used to visu-
alize most organs, organ systems, blood vessels and body
cavities. It is mostly excreted by the kidneys, so it is called
a urotropic contrast agent. When applying iodine contrast
agents, the radiation dose increases by about 20%. When
preparing the patient and injectioning the contrast agent,
great attention should be given to possible side effects
and their prevention [1].

Improved signal of the iodine contrast agent

The PCD detector offers improved iodine representation
at the same tube potential as the EID detector (Figure 6).
Routine tests with enhanced contrast are improved and
the radiation dose received by the patient is reduced [21].
Low-energy photons contribute more to image contrast
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with PCD than with EID detectors, leading to improved
CNR and reduced noise in iodine contrast imaging [12,
31-33]. In children, the improved CNR of iodine means a
significant reduction in radiation dose. Imaging using a
PCD detector can reduce the dose of radiation or the vol-
ume of applied contrast agent, which additionally protects
the patient from the harmful effects of CT imaging. This
is particularly important in patients with damaged renal
function because the toxic effect of the contrast agent is
reduced [18]. Increased signal of iodine contrast agent
contributes to better acquisition of low-dose images. Con-
trast can be additionally corrected during postprocessing
[21]. It was shown that the PCD detector enables more
accurate quantification of iodine contrast agent in phan-
toms of different sizes, and a lapse of 0.5 mg of iodine
per mL was shown during the measurement [18]. Specifi-
cally, when imaging the abdomen, a better delineation of
neoplasms and metastases within the organ parenchyma
is achieved. These are the so-called low-contrast lesions
because their density is very similar to parenchyma, so
they are difficult to differentiate using classic CT detec-
tors. Using the PCD detector increases the visibility of
hypervascularized and hypovascularized tumors of the
liver and pancreas [11, 34, 35]. At higher tube voltages,
120-140 kV, the appearance of the iodine contrast agent
is more visible, and it can be observed in all patients, from
newborns to patients with increased body weight [28].

Figure 6. Comparison of the iodine contrast
visibility in abdomen on images taken with EID
detector (left) and PCD detector (right)
Source: https://www.ncbi.nlm.nih.gov/pmc/articles,

PMC9434736/bin/kjr-23-854-g005.]

Spectral imaging

The incident photons, which are characterized by different
energies, contain spectral information that enables imag-
ing specific to a certain material, i.e. a certain substance
[10]. This method of imaging transcends dual-energy
imaging and moves into multi-energy imaging [36]. This
type of imaging is the main initiator behind the develop-
ment of the PCD detector and the desire to introduce this
detector into clinical use to facilitate the acquisition of
certain diagnostic tests. Multi-energy imaging is based
on the ability of the PCD detector to differentiate photons
of different energies at the same tube potential. In that
way image is simplified and possible sources of artifacts
are eliminated, spatial resolution is increased and bet-
ter contrast is achieved [18]. Energy thresholds can be
adjusted to provide optimal spectral contrast at any kV
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value or adapted to the size of the patient, which means
that it is possible to set energy thresholds individually
[35]. Multi-energy imaging offers a choice of several types
of reconstruction that are particularly suitable for visu-
alization of contrast agents within the organism, such as
virtual mono-energy images, virtual non-contrast images
and reconstructions with automatic bone removal [18].
Multi-energy reconstructions are, for example, of great
importance in the musculoskeletal system in the assess-
ment of gout and bone edema (Figure 7) [21].

Figure 7. Image taken with PCD detector which
represents accumulation of monosodium urate
(green color) indicating the presence of gout
Source: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC9434736/bin/kjr-23-854-g010.jpg

Artifacts

Another advantage of PCD detectors is the reduction of
artifacts, especially streaking artifacts, beam hardening,
artifacts created by the metal object in the organism or
calcium “blooming” artifacts [21]. Even in patients with
increased body weight, the PCD detector offers various
advantages, i.e. it removes artifacts from high-attenua-
tion image parts and removes electronic noise [37]. PCD
detectors use certain mechanisms to reduce streaks, such
as voltage modulation on the tube or the multidimensional
filtering. Metal artifacts are common regardless of detec-
tor type, and cause artifacts through several mechanisms
of action. Eliminating metal artifacts depends on the type
of metal. For example, gold and mercury absorb almost
all the photons they come into contact with, and a special
software tool is needed to remove the bright areas in the
images caused by this phenomenon. Artifacts created
with light metals also require a software solution [35]. Re-
duction of metal artifacts is best achieved by taking high-
energy images and using a tin filter to shape the radiation
beam or using certain reconstruction techniques [37, 38].

The calcium blooming is an artifact that often occurs
in cardiovascular system images, and the main reason for
this phenomenon is insufficient spatial resolution (Figure
8). This artifact is particularly noticeable when imaging
smaller blood vessels, for example coronary vessels, and
structures that are filled with iodine contrast agent or
when a stent is present. Then it is difficult for the radi-
ologist to differentiate the contrast in the lumen of the
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Figure 8. Blood vessel CT scan taken with EID detector (left) and PCD detector
(right) that shows removal of the calcium blooming arifact
Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9434736/bin/kjr-23-854-g012.j

blood vessel from the wall of the blood vessel. Calcified
plaques or stents appear larger on the image than they
are in reality, and this may even result in inappropriate
treatment of the patient [21]. PCD detectors improve vis-
ibility of structures and remove blooming artifact due to
high spatial resolution and smaller voxel size [39]. The
beam hardening artifact appears as the dark areas, i.e.
streaks on images next to objects with high attenuation,
such as cortical bone or metal implants [18, 35]. This phe-
nomenon causes the inaccuracy of the CT number of soft
tissues and the irregular appearance of the image [18].

Advantages and disadvantages of Photon
counting and Energy integrating detectors

PCD detectors face certain challenges in their work, and
scientists have not yet found the right solution for certain
parameters. This includes limitations independent of the
photon flow, such as charge splitting and charge trapping,
and effects related to the photon flow, such as pulse pi-
leup. In almost all PCD systems, the pulse pileup appears
and it depends on the photon counting rate and the dead
time of the detector. When multiple pulses reach the de-
tector, photons accumulate and the pulses are registered
as one photon, and the main purpose of this detector is
lost - the recording of each individual photon and its en-
ergy [12]. As a result of this phenomenon, there is an error
in the counting speed, distortion of the spectrum and a de-
crease in image quality [10]. There is also a phenomenon
called charge sharing, which affects detector performance
and image quality. When an incident photon is detected
by a PCD detector, a charge cloud is created inside the
material. The charge cloud, due to the electric field inside
the detector, tries to reach the appropriate anode and
reach the appropriate energy threshold. As a result of this
process, the charge cloud be divided and detected by two
or more anodes, and its energy is detected as lower than
it actually is, so the photon is detected twice, both times
with the wrong energy value [12, 35].

PCD detectors have a higher energy detection poten-
tial because electrons are detected directly by the anode,
while EID detectors work on the principle of scintillation
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and part of the energy is lost by scattering in the scintil-
lator until it is registered by the photodiode. Due to the
separation of energy thresholds, PCD detectors generate
lower noise and have better Signal-to-noise ratio (SNR).
This increases the dose efficiency and consequently re-
duces the radiation dose [7]. The PCD detector achieves
a better spatial resolution due to the smaller pixel size
and enables a sharper display of pathological changes,
primarily in lung and bone imaging [7, 19].

Future development of the
Photon counting detector

The technical possibilities of the PCD detector continue to
improve, and the question arises as how the new systems
can improve the already existing applications of this de-
tector in clinical practice or create new imaging protocols
[35]. As in most branches of radiology, the implementa-
tion of artificial intelligence is being researched in the use
of PCD detectors, more precisely for the correction of its
parameters. Learning methods using neural networks and
machine learning are being researched [40-43]. Despite
advanced algorithms, the amount of data produced by
these detectors can be a challenge for artificial intelli-
gence approaches [44].

Conclusion

The PCD detector technology is a part of modern CT im-
aging in the research process, but compared to the EID
detector, it offers numerous advantages in the acquisi-
tion of diagnostic and interventional procedures. The key
feature that sets this technology apart from conventional
technology is the direct conversion of X-rays into an elec-
trical pulse. High spatial resolution, noise reduction and
increased dose efficiency are parameters that bring this
technology to the door of implementation in everyday
clinical practice. This process will be time-consuming, but
it will bring CT imaging into a new era. Prototypes of a
CT device with a PCD detector were made for the simula-
tion and research of imaging on phantoms, animals and
deceased patients, and later for in vivo imaging of volun-
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teers. Scientists who comprehend the new practical and
theoretical knowledge about this technology are making
it closer to healthcare institutions and radiological tech-
nologists around the world. With the close cooperation of
radiological technologists, radiologists and physicists, it

will be possible to optimize imaging parameters adapted

to each diagnostic task.

All data in this paper are part of the results of the
undergraduate thesis “ Photon counting CT detector”
written at the University Department of Health Studies,

University of Split [45]. ®

Karakteristike novog CT detektora s brojacem fotona

SaZetak

Radiologija je jedna od najbrze rastucih grana medicine, a upravo jedan od uredaja koji najbrze prati ovaj
razvoj je i uredaj za CT. Znanstvenici su najvise fokusirani na istrazivanje poboljSanja parametara rendgenske
cijevi i detektora kao najvaznijih dijelova ovog modaliteta oslikavanja. Uz detektor s integriranjem energije koji
je danas u Sirokoj uporabi u sklopu svakodnevne klinicke praske, predmet istraZivanja je i detektor s brojacem
fotona. Brojne vrline koje se isticu kod nove vrste detektora zasluzne su za opée misljenje da ¢e u buducnosti
ova nova tehnologija zavladati CT uredajima u klinickoj praksi poboljSavajudi akviziciju brojnih dijagnostickih

i intervencijskih postupaka. Smatra se da ova tehnologija radiologiju uvodi u novu eru upravo svojom
poboljSanom prostornom i kontrastnom rezolucijom, smanjenjem Suma i pove¢anjem omjera kontrasta i Suma,
ali i novim mogucnostima kao Sto su oslikavanje vise kontrastnih sredstava istovremeno te viseenergetsko
oslikavanje. Poboljsanja vidljivost joda pruza dodatne dijagnosticke moguénosti te tocniju diferencijaciju
benignih i malignih suspektnih lezija. Znatno manja veli¢ina piksela na ovom detektoru nudi gotovo dvostruko
povecanje prostorne rezolucije, a samim time i povecanje ucinkovitosti doze zracenja. Koristenje detektora s
brojacem fotona je zato pogodno i kod pedijatrijskih bolesnika, a javlja se i Sirok spektar moguénosti low-dose
oslikavanja u svrhu preventivnog screeninga karcinoma. Procesi poput tzv. razgradnje materijala i spektralnog
oslikavanja su josS u procesu istrazivanja, ali imaju veliki potencijal da optimiziraju budu¢u svakodnevnu
klinicku praksu. Potrebno je jos rada i objavljenih rezultata istrazivanja, no zasigurno ¢e ova tehnologija jednog

dana olaksati posao radioloskog tehnologa i radiologa.

Kljucne rijeci: CT; detektor s brojacem fotona; detektor s integriranjem energije
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