Choice of phantom materials for dosimetry of Leksell Gamma Knife unit:
A Monte Carlo study
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In calculations for the Leksell Gamma Knife, GammaPlan employs a tissue equivalent material
without the presence of a skull bone, while dosimetry work is based on a polystyrene phantom. The
compatibility of these dose distributions is uncertain. The Monte Carlo technique was employed to
determine the radial dose distributions from a single 14 mm collimator helmet in 160 mm diam
phantoms with different materials. The materials studied were polystyrene, perspex, water, and
water with skull bone. Results showed no significant differences among the radial doses in different
phantom materials for the 14 mm collimator helmet. The Monte Carlo simulation was repeated with
the inclusion of all 201 sources. Again, no significant differences were observe@00® Ameri-

can Association of Physicists in MedicingDOI: 10.1118/1.1508797
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Leksell Gamma Knife radiosurgery involves no traditional materials of polystyrene, perspex, water, and water with skull
surgical incisions for brain surgery. No lengthy recuperationbone were employed in the simulation. The thickness of the
is required, and mortality risks from the procedures are muclkull bone was 5 mm for the water phantom with skull bone.
less! The principle of Gamma Knife radiosurgery is simple. 8%Co sources were modeled by cylinders of 1 mm in diameter
For simplicity in dose calculations, GammaPlan employsand 20 mm in length. The sources were arranged in a sector
a tissue equivalent materiakith an attenuation coefficient of g hemispherical surface with a radius of 400 mm.
w=0.0063 mm * at the energy 1.25 MeV, in all calculations  There are different strategies in simulating a collimator
without the presence of a skull bone. On the other hand, igystem. First, we simulated the whole single-beam channel,
routine quality assurance programs of the Gamma Knife unitcluding the cylindrical double encapsulated stainless steel

a spherical polystyrene phantom is employed to give dosggce, precollimator, lead collimator, and the interchangable
distributions with the opening of all _ZOTCO sources. ThiS  fina| collimator. Second, each source was modeled as a cyl-
phantom may not be fully tissue equivalent. Therefore, COMyy e without any source and capsule filtration. The beam

pat|b|I|tty ?f dthese dozethdls,:/rllbl{[tlogs IIS un;:r:arfjaltn. InI trlletwas collimated by the internal diameters of the interchange-
Fhreser(;_ SI l(; Y. V\(lje. tjss " c f onte grol med_ot_ 0 t():a cu agble final collimator. Radiation scattering due to the collima-
€ radial cose distrbutions 'rom a singie radiation beam of system was ignored. Single-beam dose profiles were gen-

14 mm collimator helmet in different phantom materials. The ;
. . . erated by these two strategies. Because of the larger source-
studied materials were polystyrene (density.06 g/cnd, . ; .
to-target distance when compared to the source dimensions,

2.26% of 7.74% of h : ) . )
92.26% of carbon and 6 of hydrogen by mapsrspex no observable difference was obtained in the single-beam

(density=1.19 g/cni, 59.98% of carbon, 31.96% of oxygen . S .
and 1.19% of hydrogen by massvater, and water with a profiles. For simplicity, we employed the second strategy in

skull bone (bone density: 1.85 g/cmd, 6.40% of hydrogen, Simulating the collimator system. _
27.80% of carbon, 2.70% of nitrogen, 41.00% of oxygen, 'n calculating the single-beam dose profifeg. 1) along
0.20% of magnesium, 7.00% of phosphorus, 0.20% squhuE‘S ra(_jlal distance, concentric cylinders were created as scor-
and 14.70% calcium by mass ing bins around the center of the spherical phantom. The
The Monte Carlo system employed was #wesTA(Pa-  fadial resolution of the annular scoring bins was 0.5 mm for
rameter Reduced Electron-Step Transport Algoritkersion the 14 mm collimator. The depth of the scoring bins was 1
of the EGs4 (Electron Gamma Showgrcomputer codé?  mm. A total of 1.55% 10" histories were large enough for
Employment of thePRESTA in the simulation allowed the radial symmetrical geometry. All history runs were divided
EGs4Monte Carlo code to select a suitable step length dyinto five batches for the calculation of statistics. The standard
namically, which enabled fast simulation while still provid- errors at dose maximum were all less than 1%. Rayleigh
ing an accurate modeling of radiation transport. Detailed descattering and photoelectrons angle selectiomsre turned
scriptions of the structure of thecs4code can be found in on in all simulations. The primary photon spectrum®dto
Jenkinset al® In the simulation, the patient’s head was mod-was adopted from the Amersham Medical Radiation Sources
eled by a phantom of 160 mm in diameter. Phantoms witfCatalogu€.
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In order to calculate the dose distributions along the three@xample, the presence of the skull bone only causes an un-
principal axes with photons exiting from the 2#Co  derestimation of the absorbed dose at the target point by
sources, a second simulation was made. All the sources wele75%, i.e.,
distributed along five parallel circles separated from each
other by an angle of 7.8°.Scoring bins with dimensions
0.5 mmx 1.0 mmx 1.0 mm were defined along tkey, andz |
axes. All scoring bins were tanggntial_ to the isodose distri- = v 1009%=| ->
bution curves. A total of 6.2 10" histories were generated. lo lo
All h|st.or'y runs were divided into 20 batches for calculation % 100%=1.75%
of statistics. Average standard errors of less than 2% were
obtained at the dose maximum of dose distribution curves.
Single shots of 201 gamma beams were delivered at the cen-
ter (unit center point: x=100 mm, y=100mm, z
=100 mm) of the simulated spherical phantom.

Figure 1 shows the comparison of radial doses amon
different phantom materials for the 14 mm collimator helmet
of the Leksell Gamma Knife. All radial dose curves for dif-

I I 0,
ferent materials were normalized at 100%, as we needed tQCorresponding author. Department of Physics and Materials Science, City
compare the shapes of the curves. The results show no ob-ynjversity of Hong Kong, Tat Chee Avenue, Kowloon Tong, Hong Kong.
servable differences among the radial doses in different Telephone:(852 2788 7812; fax:(852 2788 7830; electronic mail:
phantom materials for the 14 mm collimator helmet. peter.yu@cityu.edu.hk . . _
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which is acceptable according to Hartmanfihe deviation

in dosage should be less than 4%. Using pure water phantom
obtain the dose distribution is not necessary, as it is a

difficult and expensive setup.
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