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Abstract. The aim of this work was to build a phantom for quality control of stereotactic radiosurgery on linear 
accelerators. The outward appearance is a translucent human head filled with water and enclosing an insert with 
test objects of known shapes. The phantom was submitted to computerized tomography, magnetic resonance 
imaging and angiography exams, in order to perform a radiosurgery planning. Contours of the internal structures 
on the therapy planning system were drawn over the MRI images. Through the image fusion of CT and MRI, the 
contour data was transferred to CT images. Stereotactic registration of CT and angiography was made. One 
isocenter treatment was created, and using the stereotactic coordinates given by the therapy planning system, the 
phantom was placed on a linac. X-ray images were performed in order to verify the final positioning of the 
planned isocenter. In the whole process the phantom showed usefulness and adequacy for the positioning quality 
control of stereotactic radiosurgery with linacs, according to the main documents concerning the issue.  
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1. Introduction 

 
Stereotactic radiosurgery is used to treat brain injuries with precision, through the release of large 
doses of ionizing radiation to the volume of interest. The recommendation of the American 
Association of Physicists in Medicine (AAPM) [1-3] that guides the implementation of conduction 
and procedures associated with radiosurgery is to use an appropriated phantom to effectuate the 
periodic quality control of the technique. In order to make the regular quality control, phantoms can be 
developed or acquired. The objective of this work is to develop a phantom of quality control of 
stereotactic radiosurgery in linear accelerators, using Micromar radiosurgery equipments and Mevis 
MNPS software.  
 
2. Construction 

 
As a model for the physiognomy, a commercial opaque plastic manikin was used, which mimics a 
head of an adult male and was reproduced in a plaster mold. Polyethylene terephthalate (PET) 
thermoplastic transparent plates of 1.5 mm thick were attached to the outer surface of the plaster to 
produce the face and neck of the phantom, that are joined in the region of the ears. The junction of the 
two parts was made by sewing up a nylon yarn of 2 mm thick at the edges, and to seal the union 
silicone adhesive was added. A cross cutting at the height of the neck was made, which created a circle 
of 11.5 cm in diameter. Under the neck was placed a round plate of acrylic 14 cm in diameter, 1 cm 
thick, and to join the parts a circular slit of 1.5 mm thick was excavated in the plate, with 0.5 cm deep 
and 11.5 cm in diameter. Silicone adhesive was used for bonding. Externally to the phantom four 
supports were set for the screws of the stereotactic ring. The supports are made of ultra high molecular 
weight polyethylene (UHMWPE) 1900, coated with a 1.5 mm PET thermoplastic plate. Parts of 
polyethylene are cylindrical, with height and diameter of 1.2 cm by 2.5 cm. In order to receive the tips 
of the screws each cylinder has a hole of 0.5 cm deep, with a diameter of 4 mm. Polyvinyl chloride 
(PVC) plastic adhesive was used to fix the supports to the phantom, two in the supra-orbital region and 
two in the back of the head on the region of the parietal bone. Inside the phantom a sphere of PVC of 
low density with a diameter of 1.95 cm was placed, representing the right eye. The ball has a hole of 
1.5 mm in diameter, which crosses it through its center. To fix it to the inner surface, PVC plastic 
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adhesive and a PVC ring of 1.27 cm in diameter, 3 mm wide and 1.5 mm thick, was used to give 
stability to the collage. The phantom filled with water can be seen in front and side views in Fig1. 
 
Figure 1: Side and anterior views of the phantom filled with water. 
 

.  
 
An insert of UHMWPE 1900, which is a stick of 4.5 cm diameter, was machined to support structures 
for tests. Its inclusion in the phantom is through a circular hole of 5 cm in diameter on the acrylic 
plate. The insert is fixed on the acrylic plate through a triangular screw with 5 cm in diameter and is 
rotated manually by a disc at the end of the stick, which is outside the phantom. This disc has 8 cm in 
diameter at the external edge, 2.25 cm height and a circular groove of 6.5 cm diameter. Within the 
groove an o'ring rubber was placed for the sealing. The insert has total length of 26.2 cm. At the other 
end of the insert, which is internal to the phantom, a plate of 0.4 cm thick was machined, tilted 35 ° in 
relation to the axis of the insert and supported by a pillar of square section, with a side 5.3 mm wide. 
Fig 2 shows details of this end of the insert, where three objects to be tested are placed. These objects 
have forms and materials that were not selected so that they could be like anatomical structures, but 
instead, to test the tools of the therapy planning system. From the bottom to the top, the first object is a 
white glass sphere of 1.85 cm in diameter, crossed by a hole of 4.5 mm in diameter through the centre. 
 
Figure 2: Details of the end of the insert in three views. 
 

 
 
The diameter of the sphere measured on the hole is 1.6 cm and it is fixed in the insert by pressure over 
the squashed region. The second object is a cylinder of poliacetal, with a diameter of 2.3 cm and 
height of 1.9 cm, set under pressure in a circular cut in the insert. At the center of one side of the 
cylinder a hole was made of 4 mm in diameter and 3 mm in depth. This hole was filled with a green 
PVC ring of internal diameter of 1.5 mm, which was filled with plaster. The third object is a brown 
ball of PVC low-density, with 1.4 cm in diameter, stuck in the insert with adhesive plastic PVC. The 
brown sphere has a diameter of 1.5 mm that crosses through its center. A small screw (see Fig 3) of 
5.25 cm in length was made of UHMWPE 1900 to guide the stopping point of the spin of the insert. 
Over the length of 1.8 cm from the tip of the screw is a helical groove with 0.95 cm in diameter, which 
enters into a corresponding hole with thread, made on the acrylic plate. 
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Figure 3: Details of the screw guide of the stopping point of the insert.  
 

 
 
The body of the screw is smooth and has 1.2 cm in diameter, which corresponds to a sulcus made at 
the external end of the insert. The head of the screw is 2.4 cm in diameter and 1.2 cm high. In order to 
fill the phantom with water, the insert must be removed and the phantom must be turned until the 
acrylic plate is up. After filling the cavity the insert is introduced, turning it on until the sulcus is on 
the acrylic screw hole. Then, extinguished the bubbles through the screw hole, the space left by the 
bubbles has to be completed with water. Finally, the insert shall be immobilized, turning the screw.  
 
2. Imaging  
 
2.1 First Exam: Magnetic Resonance Imaging  

 
The phantom was taken to the Magnetic Resonance Imaging (MRI) unit Siemens Symphony, of 1.5 T 
(Fig 4). Axial cuts were made 1 mm thick with technique T2, from the top of the head to the region of 
the nose. The distance between centres of consecutive cuts was 1.2 mm. 144 images were acquired as 
matrices of 256 x 256, with field of view (FOV) of 18 cm. 
 
Figure 4: On the left, the MRI unit; right, the phantom positioned for the exam.  
 

 
 
2.2 Second Exam: Computed Tomography 

 
A stereotactic ring was set on the phantom to carry out the Computed Tomography (CT) exam, and 
over the ring the compatible CT fiducials were placed (Fig 5).  
 
Figure 5: On the left, the phantom with stereotactic ring and CT fiducials, positioned for the exam. On 
the right, a scout showing the examination scheme.  
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It was chosen a FOV of 32 cm to cover the fiducials, with a matrix of 512 x 512. 78 images were 
acquired with helical technique in a Hi-Speed GE unit, with different thicknesses of cut, as shown in 
Fig 5. From the ring to the screws, the cuts are 5 mm thick, made sequentially each 5 mm of 
displacement of the table. From the screws to the center of the brown sphere, the thickness of cut was 
1 mm, with displacements of 1 mm. From the center of the brown sphere the top images were 
collected with thickness of cut 5 mm, with displacement of 5 mm. 
 
2.3 Third Exam: Simulation of an Angiography  

 
The orthogonal radiographs (Fig 6) were not made in a unit dedicated to angiography, but in a 
simulator Varian Acuity. On the ring were set the fiducials compatible to angiography.  
 
Figure 6: Radiographs anterior (on the left) and lateral (on the right).  
 

 
 
3. Therapy Planning System 

 
All three exams were transferred to radiosurgery therapy planning system (TPS) MNPS (Mevis 
Informática Médica Ltda.). Contours of the volumes of interest were identified and drawn on each 
MRI slice. The contours of each object of test are shown at the left side of Fig 7, wich is a sagittal 
reconstruction of the MRI images. With the fusion of MRI with CT, contours are transferred to CT 
and can be perceived in the sagittal reconstruction of the right of Fig 7. 
 
Figure 7: On the left, sagittal reconstruction of MRI; On the right, sagittal reconstruction of CT.  
 

 
 
 
Contours of the PVC sphere, which represents the right eye, created a volume identified as "olho" 
(eye, in Portuguese) and in its centre is labeled a point of reference, also called "olho". At the base of 
the pillar insert it was marked a point called a "pillar". Contours of the glass sphere were identified as 
"vidro" (glass, in Portuguese), and in its center is the point label "vidro". The cylinder contours were 
identified as "cilin" and at the plaster on the cylinder face was marked the point "cilin." The sphere of 
brown PVC received contours and a central point identified as "marrom" (brown, in Portuguese). In 
the top slice, where the upper end of the insert appears, a label was marked as "topo", on the pillar.  
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From correlation between CT and angiography arises a stereoangiography, wich imports the contours 
of the test objects to display them on the radiographs, as shown in Fig 8. When the cursor moves 
spatially in the three reconstructions of CT (bottom of the Fig 8), a cursor appears in the corresponding 
places of the radiographs. The analysis of various positions of the cursor showed correct 
correspondence of regions pointed out on exams. 
 
Figure 8: Stereoangiography. The two radiographs above are related to CT, presented in three views 
at the bottom of the figure. 
 

 
 
Radiation beams, isocenters and dose distribution are chosen with TPS. When the planning is 
approved, then data, location and description of treatment are printed in order to be guide positioning 
at the linac. For this study was chosen as the sole treatment isocenter the point "vidro". The phantom 
was placed (Fig 9) in a linear accelerator Varian Clinac 600C, following the details given by TPS. As 
the phantom was located, two orthogonal portal-films were acquired. 
 
Figure 9: On the left, the phantom positioned in the AL; at right, the phantom in detail. 

 

  
 
4. Results and Discussion  

 
The combination of the materials used for construction, in conjunction with water, allowed the 
successfully submission of the phantom to exams, particularly for compatibility with the magnetic 
environment of MRI and also because the densities of the materials used are not much above water 
density, fact which avoided artifacts in CT. According to International Commission on Radiation 
Units and Measurements (ICRU) [4] recommendations, water is the appropriate replacement for 
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muscle tissue in the construction of phantoms. Still following ICRU [4], other materials were elected 
to be used here and their physical characteristics (they are inert, rigid and not volatile, among other 
characteristics) make them be widely used in various types of phantoms.  
 
Fig 10 illustrates cranial external lengths taken over the phantom, with a caliper. These values and the 
meanings of their acronyms are shown in Table 1. ICRU [4] presents values of the average length of 
adult skulls. The phantom lengths attest that the device is externally a good representative of human 
cranial dimensions. Therefore, the phantom allows the verification of results that would be found in a 
real head and this dosimetric advantage justifies the anthropomorphic construction of its outer surface. 
 
Figure 10: Cranial lengths taken from the phantom. 
 

 
 
 
 
 
 
 

 
Table 1: Cranial lengths taken from the phantom. 
 
  Measurement Value (cm) 
  GOD: Glabela-occipital diameter 18,5 
  MCD: Maximum cranial diameter perpendicular to median sagittal plane 16,0 
  MFD: Maximum frontal diameter at coronal suture 12,0 
  BYD: Bizygomatic diameter 13,5 
 
The final mass of the phantom with water is 5.0 kilograms. The outer "shell" has sufficient rigidity to 
withstand the pressure imposed by screws and to keep the parts together. In Fig 11 three pictures show 
different aspects of CT/MRI fusion in the same anatomical slice – on titanium screws of the ring – to 
show details of phantom continuity. As MRI was acquired before the screws have been placed, it 
could be that the fusion denounced a change in the form of phantom by the pressure of screws, in CT.  
 
Figure 11: Cutting on the screws, showing three different positions of MRI over CT. 
 

 
 
Meanwhile, the structure showed rigidity. The continuity seen in the pictures shows that the material 
did not cede. This fact meets ICRU [4], whereby the phantom must have enough mechanical strength 
to withstand routine handling. CT/MRI fusion was carefully observed on each point of interest: olho, 
pillar, vidro, cilin, marrom and topo. It was made (Fig 12) in order to visually testify that the fusion 
was successful over the volume of the head. 
 
To help to this analysis, the program has the option of showing a box with the error that the 
corresponding pairs of points in CT and MRI showed between them, as in Fig 13. As a result, the 
fusion has been satisfactory, with an average error of 0.9 mm. 

GOD 

BYD MFD MCD 
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Figure 12: Images of evaluating the fusion, in points of interest. From left to right: olho, pillar, vidro, 
cilin, marrom and topo. 
 

 

 
 
Figure 13: Box of deviations between points of same name, for the fusion. Values given in mm. 
 

 
 
The portal-films showed the ball of glass correctly located under the beam, as can be seen on the 
portal-film of Fig 14. The maximum displacement of the sphere of glass was smaller than 1 mm. 
 
Figure 14: Portal-film side. The sphere of glass is correctly positioned under the beam of radiation. 
The centre of the circle is the dark hole of the sphere of glass. 
 

 
 
Skills of the treatment planner are proven when fusion has to be approved and also when the 
window of gray scale has to be chosen, in order to draw contours. Fig 15 shows two images 
magnified in the same region of the cylinder, with different gray windows. Under the left, the 
outline seems to reasonable involve the cylinder, but the right frame shows a white border 
outside the contour, which clearly shows that the outline is inappropriate way. 
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Figure 15: Zoom of a CT image, showing it in two different gray windows. The outline of the 
cylinder, imported from MRI, seems to be properly drawn at left but not at right. 
 

   
 
From contours TPS is able to integrate and deliver the volume of each object of test. Comparing 
(Table 2) the volumes supplied by the system and those obtained by measures with a caliper, it is 
confirmed the trend of Fig 15, according to which the volumes supplied by the system became lower. 
The percentage differences between values of the same object reached 5.2%. This result shows that the 
choice of the window brings consequences for the volumes and also for the dose volume histograms 
[5,6], which can change the medical prescription.  
 
Table 2: Differences between measured and provided volumes of the objects of test. 
 

Object Vol. MNPS (cm3) Vol. Measured (cm3) Difference (%) 
Olho 3,8 3,88 2,1 
Vidro 2,8 2,92 4,3 
Cilin 7,5 7,89 5,2 
Marrom 1,4 1,44 2,9 

 
5. Conclusions  

 
It was built a phantom for quality control of stereotactic radiosurgery in linear accelerators. In order to 
make a planning for radiosurgery, the phantom was subjected to CT, MRI and angiography. Contours of 
the internal structures were drawn in TPS, CT/MRI fusion was performed and correlation between CT 
and stereotactic angiography was made. With stereotactic coordinates of an isocenter the phantom was 
placed in a linac, in order to verify the positioning end of the planned isocenter, by using portal-films. 
The phantom proved to be a low cost and useful tool for quality control of stereotactic radiosurgery with 
linacs.  
 
6. Further works 

 
It is necessary to enlarge the range of tests the phantom can perform. Other inserts must be developed, 
which contain polymer gel, ionization chambers and thermoluminecent dosimeters (TLDs), for example. 
New efforts are being conducted in partnership with the brazilian national cancer institute to improve the phantom, 
in order to use it with TLDs in postal audits. 
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