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7.1 Historical Perspective

Computed tomography (CT) using X-rays was the first imaging modality used in
Medicine associating computer processing with data obtained from patients’ X-ray
transmission. This innovative technique developed during the second half of the
1960s and available for clinical use in 1972 has brought a new vision about the
contrast details of the patient’s body. The architecture of CT machines associated
with the wide-range sensitivity of the employed detectors becomes available a
level of tissue differentiation not found before in any other imaging system. The
powerful diagnostic capability, associated with the possibility of viewing slices of
the body, recognized CT as one of the milestones on the development of clinical
images in the last century [1].

Many visionary pioneers of the technical and conceptual development of CT
scanners are reported in the literature, such as W. H. Oldendorf, D. E. Kuhl,
R. Q. Edwards, and A. M. Cormack [2]. The introduction of this image modality to
diagnostic Medicine was so accepted by the scientific community, that Sir Godfrey
Hounsfield, who is recognized as the major contributor of the CT scanners
development and who obtained the first patents of the CT apparatus in 1968 and
1972, was distinguished with the Nobel Prize in Physiology or Medicine in 1979.
He shared this prize with the physicist Allan Cormack.

All these new possibilities of improving the diagnoses of known diseases and
also recognizing new pathologies or early stages of pathological tissues were fol-
lowed by the need of developing new methods for improving the image perfor-
mance properties and the evaluation of doses in patients and staff. The drastic
changes in the CT scanners architecture compared to other diagnostic X-ray
machines presented as a new paradigm for Medical Physicists on determining dose
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characteristics thirty years ago. These architecture modifications included the
change from plane-parallel to cylindrical geometry for example. The major chal-
lenge was in measurement for a cross section as opposed to a flat field. This new
geometric aspect of the CT scanners, generating a narrow X-ray fan beam, which
produced a radiation profile with axial symmetry inside the patient, required been
adequately quantified by a dosimetric parameter or function unknown until that
time. Later, a ‘‘dose index’’ for CT applications was introduced to cover this need.

After the first developments of quality assurance and dose assessment of early-
generation CT scanners, it was clear for the professionals working on technical
aspects of measurements adequacy for improving the safety of patients and the
assurance of high image qualities that the evolution of the systems available in the
market will be very fast [3]. The engineering teams of the CT vendors are con-
stantly searching for better spatial resolution, thinner slices and faster image
acquisitions and reconstruction algorithms. However, these factors also represent
constant need for new measurement techniques and phantoms, corresponding to
the crescent changes on the CT equipment capabilities. Since the end of the last
century, Medical Physicists and Radiologists saw the emergence of new CT
technologies, such as multi-slice, current-modulated, half-second rotation, dual-
energy, dedicated breast, and 4D cone beam. Each one of them presents new
diagnostic capabilities, but individually requires new studies in quality control and
dosimetry. The development of phantoms followed the same process, and it shows
to be of major importance on the qualification of the CT scanners in order to
balance patient safety and diagnostic capabilities. During this time, radiation doses
[3] and dose reduction techniques [4] have been a constant concern for the medical
physicists and other professional involved with this kind of imaging technique.

Recently, an impressive growth has been observed in the use of new imaging
technologies employing ionizing radiation, in special CT machines [5, 6]. A study
conducted by Fazel et al. [7] demonstrated that around 75 % of the dose in the
North American population during the years between of 2005 and 2007 was
related to CT and Nuclear Medicine procedures in this period. However, these two
techniques represented only 21 % of the imaging procedures conducted in that
population. These numbers alerted the community for the need of systematic dose
assessment in CT examinations and increasing the investments in education in all
levels associated with the radiologic image chain (radiologist,technologist, phys-
icists, nurses, engineers, administrators, etc.) to recognize the correct risks asso-
ciated with these clinical protocols [8, 9].

7.2 Acceptance and Quality Control Testing

7.2.1 Phantoms for Accessing Dosimetry

During the second half of the 1970s, many papers appeared in the literature
describing methodologies and devices for the dosimetric characterization of CT
systems [10, 11]. These methods, however, were just organized in a consistent
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manner with the introduction of the CT dose index (CTDI) by Shope et al. [12].
This index, which was (and is) frequently confounded with patient dose [13],
formed the mathematical, conceptual, and experimental base for the dosimetric
characterization of CT machines and protocols [14]. Nowadays, there are sub-
stantial improvements of the original CTDI definitions. These definitions can be
found in the literature [15], and deeply exploring their concepts is out of the
context of the present work. Moreover, with the recent changes on the architecture
of the CT machines, these CT metrics are in progress of adaptation to be used (or
not) when evaluating doses to wide-beam CT systems. Very comprehensive texts
are available discussing the recent developments in CT dosimetry [16].

The CTDI definition considers the dose profile as composed of a superposition
of a primary dose distribution, related to the portion of the X-ray beam modulated
by the pre-patient collimator, which is used to produce the image, and a scatter
profile, originated the interaction of the primary beam with a phantom material.
The standardized phantom material chosen to be used in CDTI measurements was
the polymethyl methacrylate (PMMA). The International Electrotechnical Com-
mission adopted this CTDI measuring method for comply its dosimetric require-
ments for CT equipment [17].

Dose measurements can be performed in two ways: computing the CT dose
profiles or integrating the average signal with an ionizing chamber [18], [19]. The
dose profile methods were traditionally performed by using TLD’s aligned in rows
and positioned inside the dosimetric phantom [20]. More recently, this time-
consuming method has been substituted by the use of OSL strips [21–23], Gaf-
chromic films [24] or MOSFET detectors [25]. Using these kinds of approaches, it
is possible to recognize not only the dosimetric properties, but also the geometric
properties of the radiation profile, and to compare it with the sensitive CT profiles
for different collimations [26].

The methodologies using position-sensitive devices above described are not
practical for routine dosimetry of CT scanners. In these cases, the use of pencil-
shaped ion chambers is preferred. The use of ion chambers specific for CT was
introduced by Suzuki and Suzuki [27] and it is widely applied today. Similar to the
re-evaluation of the applications of CTDI, considering the new scanner designs,
the use of these pencil chambers has been discussed in the scientific community
[28–30]. One of the proposed alternatives is the use of a farmer-type detector for
dose evaluation purposes of wide-beam scanners [31].

Anyway, independently of the dosimetry methodology chosen, the traditional
phantom design is composed of cylindrical blocks of massive PMMA with stan-
dardized diameters (16 and 32 cm) representing parts of the body (head or trunk/
abdomen) for adult or pediatric dose assessment (Fig. 7.1). These plastic blocks
have holes with diameters adequate for inserting the pencil ion chambers, the
position-sensitive dosimeters, or farmer-type chambers [32].

The experience of using these cylindrical blocks, associated with the searching
for more detailed dosimetric information, conducted the industry to develop some
more sophisticated CTDI phantoms. Two examples of these different solutions are
shown in Figs. 7.2 and 7.3. Figure 7.2 presents a stack of PMMA blocks forming a
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system which represents a human head. This phantom was designed for cone beam
CT (CBCT) dose evaluations and can also be used for CT dose evaluations with
TLD’s, ionization chambers or Gafchromic films. On the other hand, Fig. 7.3
shows a new development of dosimetric phantom composed of nesting PMMA
disks with standardized diameters for evaluating CTDI for pediatric and adult
protocols. The phantom can be coupled to a support, which suspends the device
over the equipment couch and aligns it along the central axis of the imaging
system. It enables the use of the phantom in helical mode of operation of the CT
equipment.

An important use of different size and shape acrylic phantoms for pediatric dose
investigations in CT was conducted by Siegel et al. [33]. The study analyzed the
dosimetric response of a multi-detector CT scanner when parameters such as
applied voltage, AEC, and size and shape of the phantoms are associated with
image noise and contrast. They found that the measured doses in an 8-cm-diameter
phantom are superior to 50 and 100 % for applied voltages of 80 and 140 kV,
respectively, when compared to the doses measured using a 32-cm-diameter
phantom adopting a protocol-defined tube current value. However, when the tube
current was adapted to the phantom size, the dose reduction for the 8-cm-diameter

Fig. 7.1 Head and body CT
dosimetric phantom
manufactured by Radcal
Corporation. The phantoms
are composed of cylindrical
massive blocs of PMMA
containing holes dimensioned
for the exact introduction of
pencil ion chambers

Fig. 7.2 SedentexCT dose
phantom composed of a stack
of PMMA blocks forming a
system which represents a
human head
(www.leedstestobjects.com)
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phantom was about 80 %. They also found that the reduction in the applied voltage
can increase the image noise significantly. This kind of study using different size
and shape of geometric phantoms generated many initiatives on optimizing
pediatric CT imaging protocols [34].

7.2.2 Phantoms for Accessing Image Quality

After the introduction of the commercial CT scanners by EMI in the early 1970s,
the scientific community started to evaluate the capabilities and limitations of that
new imaging device [35]. However, the previously known image quality evalua-
tion techniques were not adapted to the geometric characteristics of the CT
scanners neither to their physical and architectonic properties, such as voltage and
current range and gantry geometry. This situation resulted in proposals for
geometric apparatus intending to quantify the main image properties of the CT
images, such as spatial resolution in low- and high-contrast background, image
noise, slice thickness, and also some kind of artifacts (motion, beam hardening,
uniformity).

A few years after the popularization of the CT device in the clinical environ-
ment, Edwin McCullough, from Mayo Clinic, published two papers showing the
applications of a PMMA test object for the evaluation of the image quality of
commercial scanners [36, 37]. The McCullough and colleagues’ ideas have con-
tributed to the AAPM Task Force on CT Scanner Phantoms, and their progresses
were adopted on the first guide for quality control and dosimetry in CT published
by AAPM [38], and which based the development of many posterior quality
control programs [39]. The AAPM CT test phantom (Fig. 7.4) also included an
insert for TLD measurements of the dose profile and alignment. This phantom was
widely used around the world for at least 20 years for establishing quality control
and acceptance testing programs for CT scanners.

The AAPM CT quality control phantom includes many interesting inserts for
performance evaluation of the CT scanners in terms of its image quality, but it is

Fig. 7.3 Dosimetric
phantom composed of nesting
PMMA disks with
standardized diameters for
evaluating CTDI for pediatric
and adult protocols
(www.cirsinc.com)
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inconvenient because of the need to be filled with water. In order to develop more
practical methods for evaluating image quality in CT, several solid phantoms were
developed for this purpose. One of the most familiar solid quality assurance
CT phantom was proposed based on the works of Goodenough and collaborators
[40, 41] using a tissue-equivalent epoxy resin developed by White [42]. This
phantom was improved during the last decades and received specific inserts and
accessories for taking into account the different requirements for image quality
evaluation resulting from technological development of the CT scanners (Fig. 7.5).
The phantom is made from solid-cast materials, eliminating material absorption of
water and leaks associated with water bath phantoms, as well as problems related
to varied water sources.

Other kind of modular phantom for image quality assessment purpose is pre-
sented in Fig. 7.6. This phantom was developed in a modular design and in the
body of the phantom are holes for inserting small disks which provide specific
information about image quality parameters, such as spatial and contrast resolu-
tion, pixel intensity, beam hardening, geometric distortion, uniformity and noise.

There are many other phantoms for CT image quality which can be found in the
specialized market. This text has not the intention to provide comprehensive
information for all available phantom models neither to exclude any commercial
product. The phantom option many times depends on the basic QA protocol

Fig. 7.4 CIRS Model 610
phantom which complies
with the recommendations of
the AAPM for a CT
performance phantom [38].
The phantom measures ten
distinct CT performance
parameters

Fig. 7.5 Catphan� quality
image solid phantom
manufactured by The
Phantom Laboratories [43]
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adopted by the imaging facility [44, 45]. Other important kinds of solid phantom to
be considered are related to accreditation programs for CT devices. These phan-
toms will receive a special topic in this chapter.

7.3 Use of Phantoms in the Accreditation Process

The definition of accurate criteria for quality assessment in CT systems was very
closely connected to the development of specific phantoms. The AAPM Task
Group number 2 was focused on acceptance tests of CT machines, and its report 39
[20] recommended the combined use of commercial phantoms to some generic
objects designed specifically for the compliance to the document.

In 2000, the European Community expanded the concept of Quality Criteria
Guidelines existing for other imaging modalities for CT [46]. In this document,
guidance is adopted for establishing quality criteria and equipment performance
associated with patient doses. The purpose was to provide an operational frame-
work for radiation protection, correlating adequate technical parameters for gen-
erating images with good quality and the radiation safety of the patients.

The more contemporary and sophisticated concepts of quality assessment in
medical imaging are included on the accreditation programs. The American
College of Radiology (ACR) introduced a CT accreditation program ten years ago.
The program involves the submission of information regarding the clinical pro-
tocols adopted in the facility, dose measurements, and the performance evaluation
using clinical and phantom images [47]. The phantom designed for the image
quality assessment required for the ACR accreditation program has the capability
of providing information of positioning accuracy, accuracy of the CT No., slice

Fig. 7.6 Phantom developed
in a modular design with
holes for inserting small discs
which provide image quality
information
(www.leedstestobjects.com)
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width, low contrast resolution, spatial resolution in high-contrast, CT number
uniformity, and image noise [48].

The ACR CT accreditation phantom (Fig. 7.7) is composed of four modules
constructed by water-equivalent material. The diameter of the phantom is 20 cm,
and each module has 4 cm depth. They also have inserts which produces structures
on the CT images for assessment of the characteristic quality parameters above
described.

The ACR accreditation process also requires the submission of CTDI mea-
surements. The context of these measurements are the same used in regular QC
procedures, considering the adequate care to the alignment of the measuring setup.
The phantoms used are the 16- and 32-cm-diameter PMMA blocks mentioned
above, and the applicant must submit measurements resulting of the application of
protocols for adults (head and abdomen) and pediatric (abdomen) examinations.

7.4 Anthropomorphic Phantoms for CT Applications

Anthropomorphic phantoms were introduced in radiation protection in Medicine
with the aim of mimicking human tissue radiation absorption properties, and also its
average anatomical characteristics such as electron density and effective atomic
number variations. Alderson et al. [49] introduced the concepts of tissue-equivalent
material [50] associated with a human-shaped phantom for applications in radiation
therapy treatment plans (see Chap. 4). These dosimetric phantoms were constructed
using a real human skeleton embedded in a material which mimics the human soft
tissue. They also included a low density tissue for molding the shape of the lungs.
This was called the ‘‘Alderson Phantom’’ and it is widely applied in diagnostic
imaging dosimetry for varied applications [51], usually associated with the inser-
tion of film or thermoluminescent dosimeters [52]. This kind of realistic phantom

Fig. 7.7 ACR CT Phantom
manufactured by Gammex,
Inc. The phantom is designed
to be an integral part of the
American College of
Radiology CT Accreditation
Program
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has shown to be very useful for CT dosimetry since the beginning of the dose
investigations of this technique [53].

The idea of using tissue-equivalent materials for CT evaluation purposes has
been in place for at least 30 years [54]. Recently, anthropomorphic phantoms
have been applied for dose estimation in CT in a wide assortment of applications
using different kind of radiation detectors. The phantom exemplified in Fig. 7.8
is composed of a proprietary urethane formulation for mimic human soft tissue.
This material has an effective atomic number and mass density which simulates
muscle tissue with randomly distributed fat. The phantom also has lung material
with the same effective atomic number as the soft tissue material, but with a
density which simulates lungs in a median respiratory state, and a natural human
skeleton [55].

Many authors have dedicated special attention to the high doses usually
resulting from applying angiographic CT in Cardiology. For example, Nikolic
et al. [56] associated a commercial phantom to semiconductor field-effect detectors
in order to investigate the consequences of voltage and heart beats frequency on
the absorption of radiation dose in radiosensitive organs. In 2006, Hurwitz et al.
[57] published a study regarding female breast doses using a gender-specific
phantom. A similar approach was adopted by Litmanovich et al. [58] on studying
the effects of scanner parameters on breast, lung, and pelvic organs employing a
female phantom. TLD evaluation using anthropomorphic phantoms and ionization
chamber measurements with PMMA cylindrical phantoms can also be related to
Monte Carlo simulations, providing very reliable information regarding 3D dose
distributions resulted from CT imaging procedures [59]. These authors have
considered important aspects of the protocols such as patient size, the use of tube
current modulation, and the scanner architecture.

Researchers have also been motivated to use anthropomorphic phantoms for
investigation of the sex-dependent tissue-weighting factors adopted by

Fig. 7.8 The RANDO� phantom manufactured by The Phantom Laboratory. The phantom is
composed of a proprietary urethane formulation for mimicking human soft tissue [55]
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International Commission on Radiation Protection publication 103 [60]. Monte
Carlo simulations have been widely used for this purpose and also for evaluating
age-specific dose characteristics.

One of the first results for the estimation of effective dose for pediatric CT
examinations with Monte Carlo simulations was published by Huda et al. [61]. The
authors adopted simple mathematical anthropomorphic age-specific phantoms for
obtaining body region factors correlating effective doses and energy imparted
during CT procedures. A more recent Monte Carlo simulation approach to this
problem was published by Deak et al. [62] relating these factors to previously
measured dose-length product (DLP) values. Different practical situations were
investigated by these authors: four scanner voltages, five patient sizes/ages, and
five body regions with dosimetric interest. Using these input parameters and the
Oak Ridge National Laboratory phantom series [63], they calculated a series of
conversion factors for calculation of the effective dose from measured values
of DLP. They also compared their results when considering the recommendation
of two different ICRP publications (60 and 103).

A complementary size-/age-specific Monte Carlo-based dosimetric approach
was developed by Melo Lima et al. [64]. In this study, age- and posture-specific
children mathematical phantoms were used. These phantoms are based on the
technique developed by Kramer et al. [65] for adult male and female phantoms
called MASH and FASH obtained from anatomical atlas using 3D modeling
software [66]. Recently, these authors published results of skeleton dosimetry
based on micro-CT images using the same anatomical models [67].

In general, in the last decades, the scientific community has promoted many
efforts to consolidate special care in radiation protection in pediatric radiology.
This special attention is clearly demonstrated by the Image Gently� campaign, an
alliance focusing radiation safety in pediatric imaging, started in 2006 by the US
Society of Pediatric Radiology, but which also involves many different segments
of the society around the world. Dose evaluation and optimization in CT pediatric
procedures have been adopted as one of the most studied issues of radiation
dosimetry in the recent years [68], and the use of age-specific anthropomorphic
phantoms has been adopted by the researchers for non-invasive determination of
dose characteristics for these special procedures. A few years ago, stakeholders
involved in this subject were stimulated by the Image Gently Alliance to work in
partnership and define a vendor summit to bring the dose optimization in pediatric
CT inside the clinical routine [69].

In the beginning of the last decade, a group from University of Texas elaborated
strategies for conducting adequately CT procedures in pediatric patients [70]. They
used commercial phantoms which simulate body proportions of children of 1, 5,
and 10 years old and also an adult phantom and compared their superficial dose
measurements with CTDI data, using the noise as an image quality parameter.
They found that dose reductions in the range of 60–90 % are possible when the
technical parameters are adequate to age-/size-specific patients. More recently,
pediatric anthropomorphic phantoms were used in order to estimate organ doses
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delivered by multi-detector CT scanners using or not an automatic exposure
control system [71].

The popularization of the multi-detector CT scanners around the world brings
many diagnostic advantages to the clinical area, but also resulted in a gap of
knowledge about the dosimetric properties of these large-field CT machines and
their effects in the human health. In 2007, Birnbaum et al. [72, 73] published a
study using a customized abdominal anthropomorphic phantom constructed with
tissue-equivalent materials and presented a cross-comparison of models and
manufactures of CT machines. Their approaches were focused on the soft tissue
contrast differentiation among commercial machines.

Other very important topics in terms of radiation protection that must be
considered are doses in the fetus when a pregnant patient is submitted to CT
procedures, especially in the cases of abdominal examinations. In such cases,
careful considerations relating the fetal dose estimation and the associated risk
must be conducted, taking into account the pregnancy stage and the characteristics
of the CT procedure. These kinds of investigation are generally conducted using
anthropomorphic phantoms.

Wagner et al. [74] presented a guide for orientation of the medical community
when conducting X-ray examination on pregnant women. In a posterior publica-
tion, Wagner et al. [75] have treated the case of conceptus doses considering CT
examinations. Osei and Falkner [76] studied fetal doses in general radiologic
examinations and proposed an algorithm for estimating the fetal dose [77] and the
associated risks [78]. Their studies were based on Monte Carlo simulations.
Recently, CT evaluation doses were incorporated to the method [79] as well as the
risk estimation [80].

Empirical CT fetal dose studies using anthropomorphic phantoms were intro-
duced by Felmlee et al. in 1990 [81] and more recently by Dietrich et al. [82],
Hurwitz et al. [83], Jaffe et al. [84, 85], and finally by Gilet et al. [86]. These last
authors used an anthropomorphic phantom and TLD’s for determining fetal doses
resulting from pulmonary CT angiograms and abdominal and pelvic CT proce-
dures considering 4-, 16-, and 64-slice multi-detector scanners. Early pregnancy
and gestational ages of 10, 18, and 38 weeks were considered. An Alderson
anthropomorphic phantom was modified by adding soft tissue attenuation-equiv-
alent material to simulate the different pregnancy stages considered in the study.

Other types of anthropomorphic phantoms are constructed using tissue-equiv-
alent materials mimicking specific parts of the body. The differences on the
radiation attenuation resulting from the anatomy of the body can also be evaluated
using PMMA slabs filled with water. These kinds of devices and also a group of
semi-anthropomorphic phantom were very recently used by Wang et al. [87].
These specific anthropomorphic or semi-anthropomorphic phantoms, filled with
water or composed of tissue-equivalent materials, are practical and useful for
investigating very specific dosimetric properties of the CT procedures or defined
parts of the body. Birnbaum et al. [72, 73] have also developed specific tissue-
equivalent materials for testing attenuation properties of CT protocols taking into
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account different situations (scanner type, convolution kernel, and tube current).
Tissue-equivalent materials were also developed by Peng [88] for a specific
population.

7.5 Phantoms for Investigation of Specific Imaging
and Dosimetry Issues

Currently, the CT becomes a general nomenclature for an image modality which
has been reconfigured in more specialized sub-modalities. Specific system designs,
image processing methods, accessories, or hardware improvements provide clin-
ical capabilities and dose reduction which were not common in the CT facilities
years ago. Examples of this new CT specialized and sub-modalities are the sys-
tems designed to cardiac or breast imaging, respectively, providing fast data
collection and high contrast, with doses as low as possible. Dual-energy CT
devices are other example of these new technologies.

The technological advances in CT systems are followed by the need of
investigating specific characteristics in terms of image quality or dosimetry. Fre-
quently, these investigations require the development and validation of phantoms
to be applied focusing some specific capability of the CT device or the amount or
radiation impinging the patient for make this clinical information available [89].

The effectiveness of current modulation on providing dose reduction when the
radiation output is changed according to the patient body attenuation is one of the
more intensively investigated property of modern CT systems. This operational
characteristic is patient specific but must be implemented following an acceptable
image noise standard, in order to produce images clinically acceptable. Since the
current modulation depends on the attenuation, anthropomorphic, semi-anthro-
pomorphic, or cylindrical dosimetry phantoms can be used for quantify the dose
optimization resulting from its use. Duan et al. [90] used such phantoms for
determining surface dose reduction using organ-based current modulation proto-
cols. Incorrect operations of these systems were also investigated by Matsubara
et al. [91] using commercial elliptical phantoms when the centralization of the
patient is inappropriate.

Specifically designed phantoms are also proposed for determining the correct
operation of current modulation systems. This approach was originally introduced
by Kalender et al. [92] evaluating one of the first commercial equipment’s pro-
viding current modulation option. The ImPACT program proposes the use of a
conical PMMA block (Fig. 7.9) for testing the response of the modulation system
when the patient size changes on the z-direction [93].

Dual-source CT equipment was introduced in the middle of the last decade.
They offer an important contribution to cardiac CT images, providing better
temporal resolution during ECG-controlled clinical procedures [94]. McCollough
et al. [95] adopted the methodology described in IEC standard 60601-2-44 [17] for
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determining the dose performance of a dual-source 64-slice system. This method
adopts the widely used PMMA blocks with different diameters for measuring dose
indexes.

The involuntary motions of the human body have also been focused by
researchers looking for quality or dosimetric evaluations of CT protocols. One of
the first studies considering these involuntary characteristics was conducted by
Morehouse [97]. More recently, results of investigations which contribute to the
development of flow and/or motion phantoms can be found in the literature [98, 99].
These devices can be designed for a domestic evaluation, or they can be produced
focusing future validation and commercial use [100].

7.6 Perspectives on Phantom Developments for Image
Quality and Dosimetry in CT

The development of phantoms occurred since the first generations of the CT
machines until recently introduced large beam equipment was strongly related to
the geometrical aspects of the systems, and to their image capabilities. Addi-
tionally, the development of CT technologies implicated the evolution of dose
indicators and metrics, which consequently has influenced the design and vali-
dation of devices and measurement techniques for describing the dose aspects
related to these imaging procedures. In the future, this compromise between
technological developments and phantom designs will be maintained and, prob-
ably, consolidated.

An example of the strong relationship between new imaging technologies and
the phantom design evolution is the assessment of image quality of dedicated
breast CT equipment. In this kind of image, the sensitivity profile is one of the
most important parameters to be evaluated, since it is related to the efficiency of
the equipment on producing an image using the amount of radiation impinging in

Fig. 7.9 Conical PMMA
block for testing AEC
response of the system when
the patient size changes on
the z-direction [96]
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considered slice of the patient body. Additionally, the breast tissue presents
specific characteristic which must be taken into account in order to reproduce the
response of the system when this kind of image is performed. These technical and
anatomical constrains were recently considered by Nosratieh et al. [101]. These
authors did an adaptation on a commercial adipose tissue phantom introducing
circular brass disks into the phantom slabs, which were used for the slice-sensitive
profile (SSP) evaluation. This example shows how new phantoms can be creatively
designed in the future adopting as basis existing materials and simple, but effec-
tive, adaptations.

Other correlations that will probably influence the creation of new phantoms are
the consideration of patient motion. Many efforts have been made for allocating
the body involuntary motion as one of the variables to be considered on phantom
designs. These considerations usually implicate on the introduction of mechani-
cally induced motion with amplitude and frequency which mimic the natural
motion of some part of the body. These kinds of considerations are especially
important if the image sequence has the purpose to be used on cancer treatment
procedures. Szegedi et al. [102] emphasizes the importance of the use of the four-
dimensional CT as a tool for characterizing patient-specific organ/tumor motion.
For this purpose, the authors developed a deformable liver phantom which can be
moved simulating the displacement of this organ with the patient breath. The
simulation of this movement is performed by a piston coupled to the liver
phantom.

These works above mentioned are just two examples of many which can be
found in the literature. The extension of number of published works reinforces the
perspective of the future development of phantoms adapted of specifically
designed for attending the need of image quality or dosimetric information on CT
field. This is a very exciting research area which is following very closely the
strong developments of new CT technologies.

A more specific development is been working by the AAPM Task Group 200.
This TG is working out on the elaboration of practical measuring methods for
accounting the metrics introduced at AAPM report 111 [16]. Their proposed
measuring solution considers the use of a larger phantom to capture the scatter tails
of the radiation profile and changes on the dosimetric CT protocols, considering
not only with single axial scans but also with helical scans [103]. The proposed
phantom is been designed as a cylinder constructed on high density polyethylene
30 cm in diameter and 60 cm in length, including some inserts and holes for the
introduction of radiation detectors. This phantom is in validation phase and, after
been incorporated as a regular-use tool for dosimetric assessment in CT scanners,
will probably be a major change in the CT phantoms scenario used until today.
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