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ABSTRACT
Actually, among of the most often neoplasm types are the cancer of prostate, bladder and intestine. The
incidence of the intestine neoplasm in Brazil is at fourth among the most frequent tumors of the male sex, barely
close to the stomach, lung and prostate incidences. Phantoms are objects used as simulators for investigating
ionizing radiation transport on humans, especially during radiation therapy or radiological diagnostic. The
purpose of this work is the achievement of a set of computerized tomography (CT) images of a male pelvis
phantom, with anthropomorphic and anthropometric features. It investigates and analyses the set of phantom CT
images in according to a correspondent human pelvis one. The reason to develop a pelvis phantom is the needs
of reproducing well established spatial dose distribution in radiation therapy, especially during calibration and
protocol setup for various pelvis neoplasms. It aims to produce dose optimization on radiation therapy,
improving health tissue protection and keeping control tumor dose. A male pelvis phantom with similar shape
made of equivalent tissues was built for simulating the ionizing radiation transport to the human body. At the
phantom, pelvis organs were reproduced including the bladder, the intestine, the prostate, the muscular and
greasy tissue, as well as the bone tissue and the skin. A set of CT images was carried out in axial thin sections of
2mm thickness. As results, the constituent tissues had a tomography response on Hounsfield scale similar to
values found on the human pelvis. Each tissue has its respective Hounsfield value, demonstrated here. The CT
images also show that the organs have equivalent anthropometric measures and anthropomorphic features of the
radiological human anatomy. The anatomical physical arrangement of the organs is also similar to of the pelvis
human male, having the scales of gray and numerical scale of Hounsfield compatible with the scale of the
human tissue. The phantom presents shape and chemical constitution equivalent to the human male pelvis. Thus,
it expects that radiation past through with equivalent behavior. As conclusion, the human pelvis phantom
reproduces similar photon interaction as on the human body.

1. INTRODUCTION
Physical phantom. Phantom objects are used as simulators for investigation of radiation
through the human body, especially during radiotherapy or in diagnostic radiology. [1] A
radiological simulator is used to match the interaction of the radiation beam with the patient,
performing the attenuation of the beam irradiation on the radiologic film (darkness), and
providing quantitative evaluation of the image performance through the reproduction of the
contrast of the radiographic image. [2]
The phantom, made of equivalent tissues, possesses characteristics of scattering and
absorption of radiation similar to the tissues that compose the body. [3] They are used most

often for the experimental evaluation of radiation dosimetry. And due to its virtuality, one can
explore different possibilities without causing exposure. It allows assessing of various
optimizing parameters related to the radiation transport with matter, such as range and
spectra of the radiation particle used in the diagnosis, the thickness of the material to
attenuation a particular beam and the exposure rate to radiation.[2]
Virtual phantom. Currently, virtual phantom are also applied on dosimetry. With the
evolution of computer systems, some mathematical phantom has been developed. There are
two types of literature in the mathematical phantom: the geometric and mathematical
phantom made of elements of volume. A geometric phantom was developed by the
“International Medical Radiation Dose Committee (MIRD)”. The MIRD phantom is a threedimensional representation of the human body, such as height and weight corresponding to
the ICRP reference man (1975). [4] The main organs are represented by quadratic equations
and have heterogeneous composition and density of the human body. In mathematical
phantom of the type voxel are represented by elements of the volume form of parallelepiped
of size alone. [4] As a virtual environment the computer simulation may be a preview or a
proof of what can happen in practice, allowing evaluate the factors that influence the
performance of an operating system without the restrictions imposed by the experimental
assembly. [5]
Issues on the anatomy of male pelvis. The large intestine is located in the abdomen with a
shape of a U inverted on the final portion of the digestive tract. It is divided into cecum,
which leads the small intestine taken a shape of a tube called appendix, the ascending colon,
transverse colon, descending colon, sigmoid colon and rectum. The output of the intestine is
namely rectum and anus. It is closed by the anal sphincter, a muscle that surrounds it. The
large intestine follows the small intestine. It is larger and its walls are thicker than the small
intestine. It measured 1.5 m in length. In Fig.1A the portions of the colon are represented.

A
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Figure 1. Anatomical portions of the colon and the male pelvis.
Source : www.afh.bio.br; www.wikipedia.org.br
The prostate is below the bladder. The urethra starts from bladder and cross the prostate as
shown Fig. 1.B. The bladder is a hollow muscular and elastic organ. On men, it is directly
above the rectum. On women, it is ahead of the vagina and the uterus below. The shape, size
and storage capacity of the bladder varies according to age and the sex. The storage capacity
of the urinary bladder of an adult is between 700 and 800 ml. [7] The bladder is divided into
three parts which are the top, bottom, body and neck. It is composed of four coats: serous,
muscular, submucosa and mucosa. It has a structure called the bladder trigone - a triangular
area on its posterior smooth surface. The bladder trigone has limits as the ostia of the urethre
(left and right). At the end of the bladder, there is the internal sphincter muscle, which
contracts involuntarily. Below the internal sphincter there is the external one, which is
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voluntary and allows the resistance to urine output. The urethra leads the urine to outside the
body. Just below the men´s bladder, in front of the rectum, there is the prostate organ. In the
adult male, the prostate is the size of a plum, weighing about 20 g. The prostate is part of the
male reproductive system, producing secretion added to the seminal vesicle to form the sperm
and aid in the transport of sperm. Figure 2 depicts a three-dimensional view of a male pelvis
provided by a reconstruction on tomographic software from Emotion TC - Siemens. It shows
the organs and its spatial distribution. It has been presented to orientate the reader on the
understanding the phantom.

Figure 2. Three-dimensional reconstruction from tomographic imaging of the bone
structure of the pelvis
Another structure is also shown in a phantom are the muscles of the pelvic region. The
muscles are the gluteus maximums, medium and low, pyramidal muscle, superior twin,
obturatorium market, lower twin, obturatorium foreign and femoral square. There are also the
muscles of the pelvic-abdominal cavity. The protection for the organs located in the
abdominal cavity depends, mainly, on its antero-lateral muscles. It works with the muscles of
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the back of the trunk. It stabilizes the pelvis when in decubitus dorsal or ventral. The anterolateral muscles are formed by mmoblíquo external, internal oblique and transverse, laminar
and with all its fibers oriented in different direction and another, located medially, consisting
of the abdomen and the m.reto mm pyramid. The posterior layer extends very strong and is
lateral to the spinous processes. It is divided to involve the m. large dorsa, the middle and
past thoracolumbar fascia of funds, at the edge side of m. lumbar Square with the subsequent
layer, and forming a common and strong aponeurotic sheath, which is linked to mm internal
oblique and the transverse abdomen. [7]
The skeleton is just part of abdominal wall and is represented by the five lumbar vertebrae;
the disc brought the bodies of these vertebrae and the lower ribs. Its postero-superior wall and
antero-lateral muscle are eminently suited up and the expansion imposed by pregnancy,
obesity or for abdominal or pelvic tumors. The spine is made of 5 vertebrae (lumbosacral),
the sacro-iliac bone, the iliac crest, the pubis and the femur. There is also a layer of parietal
and visceral fat.
About the cancers on the pelvis. Since the phantom shall be used to study the radiation dose
on radiation therapy, it is important in addressing the types and incidences of various types of
cancers that affect the organs of the male pelvis.
To start, the bowel cancer is one of the most common tumors of the digestive tract. In Brazil,
this type of cancer is fourth among the most common tumors of the male, behind cancer of
the stomach, lung and prostate. The disease initiates when a malignant lesion that is slowly
evolving becomes a malignant tumor. On this long phase one can remove the lesion and
thereby prevent its degeneration and the appearance of cancer, hence the importance of its
prevention. [7]
The tumor of the bladder is a neoplasm that, in 90% of cases, arises from the mucosa, ie the
urotélio also called bladder transitional cell carcinoma of bladder and constitutes 6.2% of all
malignant tumors. After the prostate, urogenital cancer is the second to affect the man, the
tumor may be asymptomatic. After citoscopia diagnostic, endoscopic resection is indicated in
tumor whose purpose is the total removal of the tumor. [7] The incidence increases with age.
About 70% of the tumors are initially diagnosed with superficial disease. About 20% of cases
are associated with occupational exposure to amines and organic chemicals in a range of
professional activities. [8]
The reason for the construction of a prostate equivalent tissue refers to the numerous cases of
cancer of the same. The prostate cancer is a disease in which cells of the prostate mutate and
begin to multiply inordinately. These cells may spread from the prostate into the body,
especially bones and lymph nodes. The prostate cancer can cause pain, difficulty in urinating,
erectile dysfunction and other symptoms. [7] The prostate cancer can be treated with
surgery, radiotherapy (one of the reasons for the existence of the phantom of tumor
treatment), hormonal therapy, chemotherapy, proton therapy or combination.
As the bodies are subject to neoplasms, muscle tissue also occurs in the tumors that are
composed of skeletal muscle tissue, cardiac or smooth as miosarcoma or leiomyoma. Tumors
or soft-tissue sarcomas can occur in muscles, fat and joints. Affect both children, as
adolescents and adults. There is a gradual increase, swelling at the site of the tumor and, in
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general, there is pain and the skin may be red. The treatment of sarcomas, in general, is done
with surgery and chemotherapy. [9]
Tomography and the Housfield number. For medical diagnostic, CT has the major role in
identifying diseases that are not shown by conventional X-ray. It is a radiographic procedure
that is commonly performed for identifying tumors, fractures or other diseases, contributing
significantly to medical diagnosis. [1] The acquisition of the tomographic image as
radiodiagnostic method is due to the fact that the system is more sensitive in the
differentiation of types of tissues when compared with conventional radiography, so that
differences can be more clearly delineated and studied. The conventional radiography may
demonstrate that tissues have a difference of at least 10% in density, while CT can detect
differences between 1% or less. Such detection helps in the differential diagnosis, such as a
solid mass from a cyst or a benign tumor or malignant. [1]
The construction of the images scanned in the CT apparatus is made after processing the
information captured by a set of detectors in order to define the attenuation coefficient
generated by each row that cross the object. This object is discretized on voxels. The gray
level that will color each voxel is representative of the ability of photon interaction with each
voxels crossed. It will depend on the linear attenuation coefficient of the tissues. These values
of attenuation are regulated in a pattern that has water as a reference to a zero change in 1000
to -1000, or -500 to 500, where the minimum of the scale is the air (-1000) and the maximum
is given by the absorption of metal (+1000). The scale of the numerical representation of the
absorption promoted by each voxel is called Hounsfield unit. Latter, the values on Hounsfield
scale is correlated to the 256-gray scale. In this gray scale, the bone is white, the gray water
medium is to HU equal zero, the metal bright white (+1000) and the black air (-1000). [10]
By modifying the level and extent of the color window (shades of gray), the gray scale
represents an adaptation in the anatomical exploration of the object, which shows greater
contrast with an organ or tissue without being hidden by other tissues that have characteristics
of absorption similar. The air, which is the least absorbent, will be an end of the scale and
means a mitigation contrast. The most absorbent is on the other end of the scale of mitigation.
Pure water is considered the middle of the scale and sets the value of zero attenuation in
Hounsfield scale. [10] Since most tissues that comprise the human body have a large amount
of water, these tissues do not show great variation in absorption with the exception of bone
tissue. Thus to obtain the contrast between the soft tissue is common to use the gray scale
values ranging only from -1000 to +1000 allowing more stress these tissues, however the
bone tissue that are more saturated absorbent appear in white losing the contrast. [10]
The paper proposal. The purpose of this work is the acquisition of images from computed
tomography (CT) of the phantom and its correlation with tomographic images of human male
pelvis. This phantom is an anthropomorphic and anthropometric male pelvis of the human
body. The reason to develop a phantom is the need for investigate the spatial distribution of
dose in radiotherapy, especially for calibration systems and protocols for various cancers of
the pelvis; and yet produce better optimization of dose in radiotherapy, improving the health
of patients and their protection, as well as maintain control of the dose in the tumor. The
radiological use of phantom simulators is due to the image quality in tomography. It has the
main purpose of simulating the interaction of the beam with the patient, evaluating the
definition, smutty, the image contrast and characterizes certain radiological findings.
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2. MATERIALS AND METHODS
Phantom will reproduce the internal organs of a male pelvis and will be taken radiological
image for comparison.
2.1 Construction of the phantom
The phantom of male pelvis has anthropomorphic and anthropometric characteristics. It
follows the anatomy presented on the images generated in the project “visible man by the
National Library of Medicine”, Bethesda, Maryland [3], as well as the CT 3-D images
representative of the spatial distribution generated by software, depicted on Fig.2.
The phantom developed is composed of tissue equivalent to the human body, consisting of
the same chemical constitution of the human body, with H, P, K, Ca, N, Fe, Na, O, S and
collagen of animal origin.
In this simulator are represented the main organs of the male pelvis, such as the colon,
bladder, prostate, urethras, muscle and adipose tissue. In the anthropomorphic phantom,
dose depth in any organ or tissue can be verified. The advantages are also to obtain
tomography images similar to those of real patients, since it presents morphological aspects
and measures equivalent to the human body with a density of radiation equivalent to human
pelvis.
2.2 Image generation
A CT scan is performed in the phantom for comparison with images of a tomography of a
human male pelvis. The images are acquired in a computed tomography unit of GE, GM
model CYSHCT N MedImagem Clinic, with the protocol of abdomen. Images are obtained
in the axial plane of the pelvis with 10 mm thick.

3. RESULTS
3.1 Phantom presentation
The following organs: colon, prostate, urethras, muscle and adipose tissue were reproduced
on the phantom. The intestine was built on thin axial images of 5 mm thickness of
tomography images of the human pelvis. The intestine has equivalent 1.5 m in length, and an
appearance very close to the anatomical human intestine, as in Fig. 3. The bladder was also
rebuilt and has similar anatomical measurements and fittings.
The shape of the muscle tissue was based on images found on axial tomography of a human
pelvis in order to represent real ones. Axial images of paper-rubber thickness of 5 mm were
used as template of muscular framework of a real pelvis. By the way the muscle was obtained
and anthropometric measures in the anthropomorphic phantom. Fig. 3 also shows the muscles
obtained through paper-rubber mold.
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Figure 3. Image of equivalent bowel of the phantom, and the equivalent muscles.
The bladder, the ureters and prostate tissue equivalent to that made up the human phantom.
The adipose tissue and skeletal system were also reproduced equivalent to human ones.
Figure 4 shows the phantom with the internal structures such as muscle, the sacro-iliac spine
and the other organs inside. And the Fig. 5 shows the photography of the phantom with the
finished surface of the skin composed of equivalent tissue material.

Figure 4. Picture of the internal anatomical structures of the
phantom, during the mounted phase

Figure 5. Phantom in lateral and antero-posterior views.
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3.2. Acquisition of tomographic images
Fig. 6 and 7 are the tomographic axial images of the phantom at the level of the gut, in which
one can view the intestine, the muscle tissue and bone.

Figure 6. Tomographic axial image of the phantom.

Figure 7. Various Axial cross-sections of the phantom pelvis.
The images have a correlation with the radiological anatomy of the pelvis, as was expected.
The constituents of the phantom have a tomographic response on Hounsfield scale similar to
values found in the human pelvis. Each human tissue has its Hounsfield value, shown in the
Table 1. Those values can be compared to the ones found in the phantom.

INAC 2009, Rio de Janeiro, RJ, Brazil.

As comparison, it is possible to see images of a real human pelvis in Fig. 8. The bone is
represented on the gray level as white; the muscle comes in gray tones, the fat in dark tone
and the air in black. The soft tissue will have values close to zero due to much water in its
composition. When these tissues are denser than water, they have positive values. When they
are less dense, such as fat, they have negative values. The gray scale in the case was set to
enhance the soft tissue in the range between -100 and +100. This variation in scale allows
structures which have similar absorption of radiation, such as blood and gore.

Figure 8.

Axial tomographic image of a human pelvis showing muscle, bone and fat.

Fig. 8 shows the intestine in intense white due to the oral barium contrast used to enhance the
bowel. Also, the white bone is the region of the acetabulum and the fifth lumbar vertebra.
Around the bone is the muscle in gray tone. Regions, intercalated between the muscles,
surrounding the pelvic-abdominal cavity, are the fat in dark color. It is covering by the skin in
gray tone but a clearer tone. Figure 8 also shows a muscular region due to the anatomical
arrangement of the pelvic region. All the bone, between is the top end of the femur and the
pubic symphysis, is white. But the muscle is the gray one. The fat among the muscle is
wrapped in dark.

Figure 9. Image of

a human pelvis with Hounsfield density

It is through this gray scale and Hounsfield unit that it was possible to compare the densities
obtained in the tomographic images of the anatomical structures of the phantom and the real
CT images of a human pelvis. In Figure 9, the bladder density in Hounsfield unit has values
on the Min/Max at -8/30. Comparing Fig. 9 and 10, the bladder phantom (number 1) presents
density on Min/Max of -13/51 (Fig.10) equivalents to -8/30 (Fig.9).
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The number 2 in Fig. 10 represents the average density of the intestine was -973.73 sd 10
(standart deviation) which is a hollow region, since the density of air is -1000 on the scale of
Hounsfield. The number 3 represents the density of the muscle phantom with the average
value of 92.80 sd 9.67. As the human muscle density presents HU around 40 to 60, the
phantom muscle has HU a little above, which can be explained by the fact that there is in
human muscle tissue innervations and irrigation of large blood vessels, which the phantom is
not yet possible to reproduce the blood vessels and nerves of the muscle. However the scale
is positive on both for the muscle. For the bone, the equivalence is outcome. The scale of
Hounsfield ranges mentioned early shows these values.

Figure 10. Image of the pelvis of the phantom showing the Hounsfield units in the
bladder, intestine and muscle.

Figure 11. Images of the phantom with density of muscle, bone and intestine.
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In Fig. 11, the number 1 represents the density of the bone that is average of 579.34 and sd
(standard deviation) of 29.62. However, the density of the organic part of human bone is 130
to 250. The high density of the phantom bone can be explained by the fact that equivalent
bone tissue was denser than that of the human body due to the variation of absorption and
attenuation of radiation for soft tissue equivalent. Indeed, it represents the cortical bone. The
number 3 is the fat density with an average value of -109.19 (sd 44) that is compatible with
the density of human fat which is Max/Min -110/-65 Hounsfield. Table 1 summarized the
range of Hounsfield unit for the major tissues on the human being and the phantom.

Table 1. Value of tissues in the Hounsfield scale of mitigation for different references.
Tissue
lung
fatness
kidney
blood
gore
muscle
liver
bone
air
breast
adrenals
pancreas
water

Ref. [10]
-900 to -400
-110 to -65
30
35 to 55
80
40 to 60
50 to 85
130 to250
-

Ref. [11]
…. to -120
-200 to -5
30 to 50
20 to 60
20 to 60
50 to 3000
-1000 to -900
-120 to -55
10 to 20
10 to 40
-5 to 5

Phantom values
-109.19 sd 44
92.80 sd 9.67
579.34 sd 29.62 (cortical bone)
-973.73 sd 10 (hallow intestine)
-

5. CONCLUSIONS
The radiological anatomy showed that all anatomical structures of the phantom are similar to
the human pelvis. Although, during the transportation of the phantom to the Image center,
some structures was moved out of place. Some structures as the column was slightly inclined
within the phantom. Later, the internal structure will be better fixed. Also, it presented some
empty spaces, indicating that it needs more fat tissue to fill the abdominal cavity. The small
intestine was also not reproduced in the phantom, which may be included later. To the
radiation density, the equivalent muscle tissue shall have its density reduced, since it presents
values little higher than expected. However, the other structures have a density similar to the
radiological density of the human body such as bladder, fat, bone.
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