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ABSTRACT 
 
Subarachnoidal hemorrhages (HSA) are caused by aneurisms and their symptom usually becomes evident after 

a rupture. Nevertheless, there are situations in which the aneurisms compress a nerve or produce a bleed before 

the rupture happens, as consequence one alert signal like headache occurs. It, often occurs after minutes or 

weeks previous the major rupture. The main goal is to prevent a massive hemorrhage. Thus the Computer 

Tomography (CT) scan of skull provides a basic and specific function: to reveal the position where the 

hemorrhage was produced, guiding to a additional medical procedures. On the other hand, CT does not prevent 

the cerebral tumor development, but precise diagnostic for some symptoms such as vomits, nauseas, epileptic 

attacks, weakness in arms or legs, require this image protocol. CT has its fundamental importance to tumor 

detection. Indeed CT reveals its importance in the tumor early diagnosis. Specialized training in CT analysis 

shall be done. Ahead of a precise diagnosis to manager an early intervention, a CT diagnostic training is suitable 

for a favorable prognostic. In this context, focusing on propose of radiological inquires; a head and neck 

phantom will be used to simulate hematomas and cerebrals tumors. Images of CT of skull will be used to 

identify these lesions physically implanted in phantom. The radiological response will be analyzed with the 

purpose of validation of  the skull´s CT diagnosis, for a double blind test. The diagnostic with non contrast CT 

shows only higher 5mm diameter subjects (tumors) identified by the double blind test. Hemonhage is identified 

by only the administrator (single-blind test). As conclusion, the author’s launchs the hypothesis that this object 

simulator shall provide assistance for specialized training on pathology interpretation on radiological images.  

 

 

1. INTRODUCTION 
 

The tissue equivalent material tissue (TEM) is any material used to simulate body tissues 

representing its physical, chemical or nuclear characteristics. Phantoms constructed with 

tissue equivalent material are used in medicine, radiation protection, radiobiology, detection 

calibration on radiation systems and radiodosimetry, for example, in the measurement of the 

dose in depth. The geometry and the composition of the phantom must, however, to approach 

the biological features in a way that the required resolution is kept for the specific 

application.  When a volume of tissue equivalent material is used to simulate interactions of 

the radiations, this is called radiological or dosimetric phantom. This phantom can also 

simulate the body considering anatomical details also reproducing the shape and the spatial 

mass distribution. The body phantom is one phantom that keeps the shape of the human body 

or part of it. Body phantom generally is constituted of some substitute tissues simulating the 

human body or part of the body with respective size, shape, position, mass density, and 

response to ionizing radiation interaction [1,2].  
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The phantom simulators are used for estimating the absorbed dose in the patient and 

evaluating the interactions of the radiation with the tissue. They are also used in the radio 

diagnostic, in the calibration and in the improvement of the quality of medical images [3]. 

Synthetic tissues are being developed with the objective of assisting the studies on the 

interaction of the radiation with the matter. Such anthropomorphic and anthropometric tissue 

phantom has been developed with the simple purpose of calibration and quality control in 

protocols of radiotherapy [4, 5]. They also simulate anatomical conditions and similar 

biochemistries present on the real patients, therefore they are constituted by tissue equivalents 

materials (TEM or TE simply) [5].  

 

The cat-scan computer tomography (CT) for detection of cerebral pathology is an 

examination that shows only the anatomical structures of the brain. This examination is based 

on the emission of x-rays and it is destined to the inquiry of the cerebral anatomy, of the 

integrity and tissue densities [6].   

 

The main goal of the present research is to simulate cerebral pathologies as the 

subarachnoidal hemorrhage and intracranial tumors using an anthropomorphic and 

anthropometrics head and neck phantom developed in the NRI research group from Nuclear 

Engineering Department at the Federal University of Minas Gerais – DEN/UFMG [7], and to 

analyze the described radiological images for each situation.  

 

 

2. ASPECTS OF SUBARACHNOIDAL HEMORRHAGES 
 

Subarachnoid hemorrhage is a bleeding from a weakened blood vessel (arteriovenous 

malformation or aneurysm) that breaks suddenly in the subarachnoid space, between the 

brain and meninx [8]. Figure 1 shows a schematic picture of a subarachnoid hemorrhage. 

 

 

 

 
 

Figure 1.  Schematic picture of a subarachnoid 

hemorrhage [8, modified]. 

 

 

 
The aneurysms which cause subarachnoid hemorrhage are usually asymptomatic before the 

rupture occurs. However, it is possible that an aneurysm compresses a nerve, or even allows 

the avoidance of minor bleeds before a larger break. This is important because it provides a 

warning signal to the problem through some symptoms such as headache, double vision or 



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

other visual disturbances, facial pain, etc. These signs may occur in minutes or even in weeks 

before the main rupture [8]. This offers the chance to develop and improve techniques for 

effective diagnoses in order to act as a preventive measure and thus allow precautions to be 

taken to prevent a future massive hemorrhage and consequently preserve the life of the 

individual. 

 

When a rupture occurs, many patients often presents sudden and intense headache, followed 

by a momentary loss of consciousness. Subsequently, some patients remain in coma, but 

usually recover the consciousness with mental confusion and drowsiness. The bleeding and 

cerebrospinal fluid surrounding the brain irritates the meninx thus causing headaches, 

vomiting and dizziness. Some patients also have changes in heart rate and respiratory rate, 

which may be accompanied by convulsive crisis [8]. 

 

About 25% of patients have sequelae such as neurological problems and paralysis on one side 

of the body. This bleeding can occur in individuals of any age but are most common between 

25 and 50 years. Generally, the diagnosis is made with the aid of a CT scan, because it 

defines more precisely the location of bleeding. About a third of patients with subarachnoid 

hemorrhage die in the first break due to the extent of brain damage, and 15% of patients die 

within the first weeks after the first break due to following bleeding. If a surgical resection of 

the aneurysm is not performed, patients who survive more than six months have a 5% 

increase the likelihood of recurrence of bleeding. The good news is that sooner is diagnosed 

and thus performed the surgery, most patients can recover all or nearly all the mental and 

physical functions after a subarachnoid hemorrhage [8]. Estimates are that the subarachnoid 

hemorrhage occurs in approximately 1 in 10.000 people, and about 5 to 10% of effusions are 

caused by bleeding [9]. Figure 2 displays a photo sequence of subarachnoid hemorrhages, 

presenting some of its possible locations along the brain. Figure 3 shows a neuroimage of a 

bilateral subarachnoid hemorrhage. 

 

 

 

 
 

Figure 2.  A and B. Subarachnoid hemorrhage in 

your classic localization, filling of blood the base of 

the skull and occulting the arteries and nerves of 

the region. C. Diffuse subarachnoid hemorrhage in 

cerebral convexity. D. Subarachnoid hemorrhage 

in ridge of Sylvius to the right for rupture of an 

aneurism of one of the branches of the middle 

cerebral artery [10]. 
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Figure 3.  Imaging of CT of subarachnoid 

hemorrhage bilateral indicated for the yellow 

arrows [10]. 

 

 

 

3. CONSIDERATIONS ON ENCEPHALIC TUMORS  
 

The term encephalic tumor is related to the intracranial tumor of neoplasic origin, mattering if 

it is not of benign or malignant origin. The intracranial tumors can be classified as primary 

when they originate from elements of the proper intracranial compartment (origin in from 

encephalon, from the membranes or meninx, in the cases of the cranial nerves, from the gland 

hypophysis and originated tumors from the embryonic remaining portions) or as secondary 

when it comes from other tumors of other parts of the body, that is, metastases (having 

common origins from malignant tumors of the lung, breast, melanomas of the skin and 

gastrointestinal of colon and the rectum). These tumors also can be classified taking in 

consideration its relation to the central nervous tissue. The “cerebral tumors” properly said 

are the intrinsic tumors; that is, they are developed inside of the nervous tissues. Following, 

the classified tumors as extrinsic are those that appear and develop external to the nervous 

tissues. Then, we perceive that the “cerebral tumors” are properly the primary and intrinsic 

intracranial tumors of the central nervous system, and most frequent they are gliomas. They 

possess infiltrative behavior and have a great potential of development or recidivation in 

encephalon, even eventually distant of its original site [11]. Figure 4 shows a schematic 

drawing of an intracranial tumor.  

 

 

 

 
 

Figure 4.  Schematic drawing of intracranial 

tumour [11, modified]. 
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The causes of primary intracranial tumors are the genetic alterations (individual conditions, in 

its great majority unknown, and very rare hereditary), or exposition to high doses of radiation 

(presented on the radiotherapic treatment). Indeed, the development of intracranial tumors 

can occur radioinduced, but they are rare) [11]. 

 

The signals and symptoms of the intracranial tumors characterize unspecific symptoms that 

are related to the area of the central nervous system occupied by the tumor, either directly or 

indirectly. These signals and symptoms are called focal situations and enclose focal 

convulsions, motor, cognitive, sensitive, visual, and auditory deficits. Depending on the 

volume and the localization of the tumor, also unspecific signals and symptoms can be 

present as alterations on mental state and on the mood, disequilibrium, and urinary decontrol. 

Also they can characterize situations of intracranial hypertension as headaches, vomits 

preceded or not by nauseas, sleepiness [11]. 

 

The diagnosis is made through neuroimages examinations. The nuclear magnetic resonance 

(NMR) of skull is the examination that better demonstrates the presence of the tumor. It 

supplies the major information about its respect, however, the computerized tomography 

(CT) of skull has the advantage to demonstrate to the presence of calcifications and related 

acute hemorrhages within the tumors, and bone alterations association. There are intracranial 

tumors that although are well reveal in NMR with evident shape, are badly demonstrated by 

CT. The importance of the neuroimages is not only to evaluate intracranial tumors, but also 

other possible neurological complications. As the varieties of intracranial tumors are many, 

this disease attacks people of all the ages [11]. Figure 5 shows a neuroimage of a glioma, an 

example of intracranial tumor.  

 

 

 

 
 

Figure 5.  Neuroimaging of a glioma: CT with 

tumoral injuries in the temporal and thalamic 

right, and frontal horn left regions [12]. 

 

 

 

4. MATERIALS AND METHODS  

 

An anthropomorphic and anthropometric phantom of the head and neck that possess tissues 

equivalence to the human body was applied. It has been developed in the NRI research group 

(NRI-CNPq) from Nuclear Engineering Department at the Federal University of Minas 



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

Gerais [7]. It has been used as a tool for the simulation of the radiological response to X-ray, 

CT and brachytherapy experiments. Herein, it will be applied to the identification of cerebral 

tumors and subarachnoidal hemorrhage in the interior of phantom. Figure 6 shows the 

phantom used and its respective radiological image (CT). 

 

 

 

 
 

Figure 6.  Radiological image of phantom used to 

verify the radiological reply of the experiments 
(CT). 

 

 

 

4.1. The experimental assembly of the hemorrhages and tumors positioning and 
identification. 

 

The first stage consists of the anatomical study of the brain for the definition of a region to 

simulate the intracranial tumors and hemorrhage [13]. One knows that the subarachnoidal 

hemorrhage can occur on diverse regions of the brain. In this study it was set up on the region 

of the sella turcica, which is situated in the sphenoid bone, one of the bones that complement 

the skull. This region was chosen due to the easy manipulation and positioning of the clot in 

the accomplishment of the experiment. For the spherical intracranial tumors, the frontals and 

parietals lobes of the brain were chosen as much of the right and the left sides. For the 

cylindrical intracranial tumors the lobes frontals and occipitals were selected. Figure 7 shows 

the anatomical study of these regions, the sphenoid bone such as the sella turcica and the 

frontals, parietals and occipitals lobes. 

 

 

 

 
 

Figure 7.  A. Anatomical study of the sphenoid 

bone (sella turcica) [10]. B and C. Anatomical 

study of the human brain, superior sight of the 

lobes frontals, parietals and occipitals; and lateral 

sight of the wolves frontals, parietals, secular and 

occipitals respectively [14, modified]. 
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The second stage consisted of the dismounting of phantom, at the skull, and the division of 

encephalon on the half. As the brain is made with semitransparent equivalent material, this 

allows an easy visualization and manipulation of the experiments. The inferior part of the 

brain was used for experiment 1, and the superior part for experiment 2 and 3. 

 

4.2. Experiment 1: simulation of subarachnoid hemorrhage in the brain 

 

For simulating the bleeding, coagulated chicken blood was used. After removing the 

encephalon inside the skull of the phantom, the experiment was conducted as follows: (1) a 

small part of the equivalent material of the brain is poured inside the skull, covering the 

cerebellar fossa, (2) solidification of the equivalent tissue occurs, (3) holes with a metal 

spatula in the region are made, near the sella turcica, (4) fills up the space with coagulated 

blood, (5) addition of more equivalent tissue to the brain to fill the remaining space, (6) the 

whole procedure is repeated, as shown in Figure 8. Once all the desired areas were filled with 

coagulated blood; the entire cranial region is covered with equivalent brain material. It took 

into account that the radiation response of non-coagulated blood (live blood) and coagulated 

blood are distinct. 

 

 

 

 
 

Figure 8.  Experiment 1: stages of the shedding of 

the coagulated blood and brain simultaneously. 
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4.3. Experiment 2: simulation of spherical and cylindrical intracranial tumors 

 

The places defined for the implantation of the simulated tumors correspond to the frontals 

and parietals lobes of the brain for the spherical tumors, while to the frontals and occipitals 

lobes for the cylindrical tumors. For such experiment eight (8) small tumors simulators (TS) 

had been made with the intention to simulate the cerebral tumors. The TS models had been 

prepared with a mixture of thick added mass. The mixture was shaped until obtaining the 

consistency and the desired format (spherical and cylindrical formats). After that, molds of 

these apparatus had been made. Thus the TS had been produced with the same equivalent 

tissue used for the construction of the nervous tissue already existing in phantom. However, 

taking itself in consideration that the small cerebral tumor tissue (cancerous tissue) has 

similar composition of the healthy cerebral tissue however with a large density. So, the 

percentage of one of the brain equivalent compound was tripled in order to increase the 

density of the tumor simulator tissue. The density difference has the intention of assisting in 

the radiological identification of these parts during the accomplishment of the CT 

examination. After the tumor simulators were prepared and dry, these had been take and 

placed into the phantom interior. The density of the material that simulates the tumor was of 

1,11g for cm
3
 whereas the density of the equivalent tissue to the existing brain in phantom is 

of 1,03g for cm
3
. The measures of the approach diameters of the TS spheres had been of 

0,5cm, 1,0cm, 1,5cm and 2cm. The measures of the lengths of the tested TS cylinders had 

been of 0,5cm, 1,0cm, 1,5cm and 2cm, while the diameter has been assumed equal to 4mm 

approximately. 

 

These TS spheres and cylinders had been located at the following way: toward to the inferior 

vision of the brain, 8 holes with a metallic spatula in the cerebral tissue of phantom had been 

made, correspondent to the frontals, parietals and occipitals lobes. In the 4 lateral holes on the 

frontals and parietals lobes 4 spheres had been placed, and in the 4 holes on the frontals and 

occipitals lobes 4 cylinders had been placed. 

 

The spheres of 1,0 and 1,5cm are placed in the frontal lobe (left and right, respectively), and 

the spheres of 0,5 and 2cm are located in the parietal lobe (right and left, respectively). The 

cylinders of 0,5 and 1,5cm are located in the frontal lobe (left and right, respectively), and the 

cylinders of 1,0 and 2,0cm are located in the occipital lobe (left and right, respectively). After 

the implantation of the spherical tumors, the implantation of the cylindrical tumors followed. 

 

After the implantations, the brain equivalent tissue material was filled with a layer, until 

covering all the spheres and cylinders. Thus the surface is smooth and it fills the 

corresponding space connecting to the superior skull of phantom. The stages of this 

experiment are shown to follow in figure 9: 
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Figure 9.  Stages of experiment 2. A and B. Molds 

previously confectioned. C and D. Spheres and 

cylinders made with equivalent tissue material to 

the tumor. E and F. Positioning of the spheres and 

the cylinders in phantom. G. Final visualization of 

phantom. 

 

 

 

Finally, the two parts of the skull had been incased so that the examination of CT was carried 

through. 

 

4.4. Imaging and methods of identification 

 

CT images were acquired in multislice CT-GE. The analysis of CT scans was made without 

notice the examiner about: the existence of simulated objects and their position (double-blaid) 

and only the position (single-blaid). For Double-blaid the observer does not know the 

existence, even do not have the intention of checking bleeding neither the TS tumors. In this 

situation, the grain or refinement technique for brain analysis has not been applied. On the 

single-blaid test, it knew the existence of the TS objects, but not its position. 

 

 

5. RESULTS 

 

The CT images of the anthropometric and anthropomorphic phantom of the head and neck 

was performed. Figure 10 shows some important CT image sections of the experiment.  
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Figure 10.  Tomographic images of anthropometric 

and anthropomorphic phantom of head and neck. 

Images A and B: CT of the skull base, showing the 

results of experiment 1. Images of C to F: CT of 

the brain, showing the results of experiment 2.  

 

 

 

5.1. Analysis of CT images  

 

"Skull base" and "brain" are names used by radiologists to delineate zones in the skull. 

Images A and B correspond to the region of the skull base, where is the simulation of 

subarachnoid hemorrhage for the experiment 1. Note that the images A and B were not 
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subjected to the technique of granulation (image treatment) during the examination by the 

observer, which allows better visualization and detection of brain pathologies. Therefore, the 

bleeding is not percipient on gray scale in the images A and B. 

 

Image C corresponds to the transition region of the skull base to the brain region. Note that 

there is a darker region than the characteristic hue of the brain equivalent tissue. 

 

One perceives that the image C was subjected to the granulation technique, and thus there is 

an indication of the presence of simulated hemorrhage (64.58 sd 4:06 to 13:35 mm
2
) at the 

end of its upper portion. This section is related to the experiment 1. 

 

Note that in this region there is indication of two experiments, the end of portion of the 

subarachnoid hemorrhage (previously discussed) and the beginning of the spherical and 

cylindrical intracranial TS. 

 

In the experiment with spherical tumors, in the image C is detected the presence of TS of 2,0 

cm in diameter in the left parietal lobe, corresponding to the radiation response of gray levels 

in a TS (78.28 sd 4.57 to 13.35 mm
2
). In the image D, upper region of the image region C, the 

presence of TS of 2,0 cm (84.28 sd 3.18 to 42.72 mm
2
) was detect in the left parietal lobe and 

1.5 cm (90.45 sd 3.58 to 42.72 mm
2
) in the right frontal lobe, which differ radiologically of 

the equivalent material of the brain (72.05 sd 2.83 to 42.72 mm
2
). The image E, 

corresponding to the upper region shown in image D, displays the presence of tumor of 1.5 

cm (90.27 sd 2.91 to 37.82 mm
2
) in the right frontal lobe and 1.0 cm (85.47 sd 3.63 to 37.82 

mm
2
) in the left frontal lobe, all corresponding to the radiation response of a TS and 

differentiating itself from the brain equivalent tissue (67.35 sd 3.06 to 37.82 mm
2
). Note that 

the TS of 0.5 cm does not appear in any of the images analyzed in the region of the right 

parietal lobe, where it was located. 

 

In the experiment with cylindrical filaments, TS are not identified in any of the images (C, D 

and F). Table 1 presents the summary of the identification processing of the subjects in study 

on the brain phantom. 

 

Table 1.  Summary of the process of identification 

 
Doble-blind Observer Single-blind Observer Subjects 

Knowledge 

existence 

Knowledge 

position 

Identification 

Knowledge 

existence 

Knowledge 

position 

Identification 

TS S 0.5cm N N - Y N - 

TS S 1.0 cm N N + Y N + 

TS S 1.5 cm N N + Y N + 

TS S 2.0 cm N N + Y N + 

TS C 0.5 x 

0.4 

N N - Y N - 

TS C 1.0 x 

0.4 

N N - Y N - 

TS C 1.5 x 

0.4 

N N - Y N - 

TS C 2.0 x 

0.4 

N N - Y N - 

hemorrhage 

 

Y N - Y N + 
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6. CONCLUSIONS  
 

Many are the pathologies that attack the nervous tissue and those cause significant sequels or 

the death of the individual. In accordance with the literature [15], in Brazil it does not exist 

recent statistics about cerebral aneurisms, but about 8 to 10 cases of hemorrhages to 100.000 

habitants happen per year based on data of other countries. Also in accordance to literature 

[16] the brain tumors, although rare, have its incidence and mortality throughout increasing. 

The more efficient the diagnosis techniques, better the prevention and the prognostic of these 

pathologies. The CT has basic importance in the detention of these pathologies, therefore if 

applied and interpreted carefully, this shall be able to act on the preventive diagnosis. The CT 

will be able precociously to identify to the presence of hemorrhages and intracranial tumors, 

and to assist in the medical behavior mainly when the pathology is installed in its initial 

period of training yet. Thus, the precocious diagnosis will be able to diminish considerably 

the mortality tax and to favor the prognostic of these patients. 

 

Keeping the intention to investigate the radiological CT response, simulations of pathologies 

equivalents to the subarachnoidal hemorrhage and the intracranial tumors had been made in a 

head and neck phantom developed at the NRI research group. In the investigated situation, 

one concludes that the use of the granulation technique will be able to assist the identification 

of subarachnoidal hemorrhage as well as the tumors. The hemorrhage simulated in phantom 

could be identified after the granulation of pixels. However, in the simulated situation, the HS 

is not of easy identification. Thus, the simulated subarachnoidal hemorrhage in phantom can 

pass unobserved, in the tested situation. 

 

The CT can in the simulated situation identify the TS spherical of 1,0 cm, 1,5cm and 2,0cm, 

and the hemorrhage. The spherical TS of 0,5cm and the all the cylindrical tumors had not 

been identified on the phantom in none of the CT sections. This result makes us to think 

about the hypothesis that very small tumors with inferior diameter of 5mm can not be 

identified in CT images. Exactly the cylindrical ST that presents diameters of 4mm in various 

lengths had not been detected. 

 

In the present experiments radiological contrast had not been used the TS and HS materials 

used for simulating the pathologies, as much is perceived that the coagulated blood, as the TS 

made with equivalent tissues materials had a radiological response equivalent to human 

beings. 

 

New simulations must be made on the direction point out by the present studies of inquiring 

the tomographic image quality in the precocious detention of cerebral pathologies. Such 

experiments will be able to assist in the early evaluation of these pathologies. 
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