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DOSIMETRIC CHARACTERISTICSOF CIRCULAR 6-MeV X-RAY BEAMSFOR STEREOTACTIC RADIOTHERAPYWITH A LINEAR ACCELERATOR�A. WysokaThe Andrzej Soªtan Institute for Nulear StudiesDepartment of Aelerator Physis05-400 Otwok-Swierk, Polandemail: wysoka�ipj.gov.plJ. Rostkowska, M. Kania, W. Bulski, and J. FijuthMaria Skªodowska-Curie Memorial Caner Centre and Institute of OnologyRoentgena 5, 02-781 Warszawa, Poland(Reeived Deember 7, 1999)Dosimetri harateristis of 6 MeV irular X-ray beams of diametersranging from 7.5 to 35.0 mm are reported. The 6-MeV X-ray beam fromClina 2300CD was formed using additional ylindrial BrainLAB's olli-mators. The mehanial stability of the entire system was veri�ed. Spei�quantities measured inlude tissue maximum ratios (TMR), beam pro�les(o�-axis ratios OAR) and relative output fators. Measurements of theseparameters were performed in a water phantom using small ylindrial ion-ization hambers and a diamond detetor. Comparison of TMR valuesmeasured with the ionization hamber and the diamond detetor showedno signi�ant di�erenes. It was shown that the latter yields more au-rate results for beam pro�les than ionization hambers. The mehanialand dosimetri harateristis of this radiotherapy unit are found to besuitable for stereotati radiosurgery and radiotherapy.PACS numbers: 87.53.Dq, 87.53.Ly1. IntrodutionStereotati radiosurgery (SRS) is a method of treatment of small in-traranial lesions suh as: arteriovenous malformations, benign or malignantprimary tumours and isolated metastases, using external beams of radiation.� Presented at the NATO Advaned Researh Workshop, Krzy»e, Poland2�4 September 1999. (81)



82 A. Wysoka et al.In this tehnique a high dose of radiation is delivered to the stereotatiallyloalized lesion, while minimally irradiating adjaent normal brain tissue.Radiosurgery an be performed either with gamma beams from multi-mini obalt soures and heavy harged partile beams from ylotrons, orwith narrow photon beams from isoentri linear eletron aelerators [1�6℄.Stereotati radiotherapy (SRT) ombines the target and dose loalizationharateristis of SRS with the biologial advantages of dose frationation[7℄. Clinial results are exellent [8℄. The �rst linial attempts of the lina-based SRT in Poland are planned to be arried out in 1999 in Institute ofOnology in Warsaw.The onept of stereotaxis is to loalize aurately in spae any desiredregion of the brain. The stereotati frame �loks� the patient's head intoa �xed position with respet to a oordinate system related to the imagingand treatment mahines [9℄. Computerized tomography (CT), magnetiresonane imaging (MRI) [10℄ and digital subtration angiography (DSA)[11℄ are used as imaging tehniques.One the target volume is de�ned a dose planning an be performed. Atreatment planning system for radiosurgery takes into aount a large num-ber of irradiation parameters suh as the ollimator diameters, number ofars, their angular positions and angular lengths and the weight of the ars,in order to obtain distributions appropriately adapted to eah individualtreatment plan [12℄. Very preise dosimetri data form the input data fortreatment planning ode.One a entral point of the tumour is loated at the isoentre of theaelerator a whole treatment is performed by ombining rotation of anaelerator with a sequential number of patient ouh positions.The quality of the radiosurgial treatments depends on two fundamentalparameters:� mehanial toleranes due to gantry and ouh rotations, and� the dose distribution and the atual dose delivered by a therapy unitwith narrow photon beams.These two mehanial and dosimetri harateristis of the therapy unit havebeen investigated by the authors in this work.2. Materials and methods2.1. Aelerator and ollimationThe 6 MeV X-ray beam from Clina 2300CD (Varian,USA) was formedusing additional ylindrial BrainLAB's ollimators. Nominal �eld diame-ters at the isoentre range between 0.75 m and 3.50 m in steps of



Dosimetri Charateristis of Cirular 6-MeV X-Ray Beams : : : 830.25 m. The retangular ollimator of the lina was set to a �eld of 5�5 m2at isoentre. Radiosurgial tehnique involves rotation of the aeleratorgantry and the treatment oah. Therefore, the three prinipal mehanialaxes of the gantry, the turntable and the ollimator should interset at aommon point ( the isoentre) and remain stable during all rotation.Veri�ation of alignment for Clina 2300CD aelerator has been per-formed with Winston�Lutz test [13℄. A small, 3mm, tungsten ball was posi-tioned at the radiation isoentre and radiographi exposure was made in eahof eight standardized positions of lina gantry and turntable. The ball wasentred within aeptable limits (0.5 mm) on all exposures, so we onludedthat alignment was orret. 2.2. DetetorsAurate dosimetry of small-�eld photon beams used in stereotati ra-diosurgery (SRS) and radiotherapy (SRT) is di�ult beause of the preseneof lateral eletroni disequilibrium and steep dose gradients. The detetorsused for measurements of absorbed dose distribution must be small in respetto the size of radiation �eld and must have a su�ient spatial resolution.Therefore small volume ion hamber, diode, diamond detetor and �lm areproposed for that purpose [14�18℄.For small �elds, �lm is often used as a dosimeter of hoie [9,15,16℄due to its high degree of spatial resolution, limited generally by the sizeof the aperture of the optial densitometer. However, �lm dosimetry isoften di�ult due to variability in optial density assoiated with exposureonditions, �lm orientation, proessing and reading.The appliation of diamond detetor in SRS relative dosimetry has beenpresented by the authors of [9,17,18℄. A ommerially available PTW dia-mond detetor was used in this study and evaluated against ion hambers.The e�etive measuring volume of the diamond detetor is 3 mm in diameterand 0.3 mm in thikness.The inner diameters of a 0.125 m3 thimble hamber and a 0.015 m3thimble hamber are 5.5 mm and 1.8 mm, respetively. The latter was usedfor the measurements presented here. The detailed desription and inter-omparison of the penumbra width measurements performed with two smallvolume ion hambers and the diamond detetor will be presented by theauthors elsewhere.A PTW-MP3 water-sanning system was used with a 0.015 m3 PTW ionhamber and a PTW diamond detetor. The orientation of the ion hamberaxis and the sensitive thikness of the diamond detetor were parallel tothe beam axis. TMR and OAR measurements were performed at SoureSurfae (of phantom) Distane SSD equal 92.5 m and depth in the phantom



84 A. Wysoka et al.d equal 7.5m. Sine most ranial tumours are within a range of 7.5 m,the OAR at depth 7.5 m was entered in the treatment planning systemfor dose alulation. ROF values were measured at SSD = 98:5 m andd = dmax = 1:5 m. 3. ResultsThe three following harateristis of the small �elds required by thetreatment planning system BrainSCAN were measured for eah stereotatiollimator, for diameters ranging from 0.75 to 3.50 m at the isoentre:� tissue maximum ratio (TMR),� o� axis ratios (OAR) and� relative output fators (ROF).3.1. TMRTissue Maximum Ratio (TMR) is de�ned as:TMR(; d) = D(; 0; d)D(; 0; dmax) ; (3.1)where d is depth in the phantom, dmax is referene depth,  is ollimatordiameter. The dmax was treated at a onstant depth of 1.5 m within thelimits of experimental auray. The TMR values measured with the dia-mond detetor and the small volume (0.015 m3) ion hamber are within0.6 % of eah other. Figure 1 shows TMR as a funtion of depth for ol-limator diameter equal 0.75 m and 3.50 m, measured with ion hamber.3.2. OARO� Axis Ratio (OAR) de�ned as:OAR(; r; d) = D(r; d)D(; 0; d) (3.2)is the ratio of the dose measured at a radial distane r relative to the doseat the entral axis for a ollimator diameter . The diamond detetor shouldbe used to provide an aurate pro�le for small �elds due to its unique ra-diation properties [19℄. The detailed omparison of the OAR measurements(pro�les) with small volume ion hamber and diamond detetor for the ir-ular ollimators will be presented elsewhere. Measurement results for beampro�les performed with this detetor are presented in �gure 2.
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Fig. 1. Tissue maximum ratio (TMR) of 6 MeV X-ray beam, measured for 0.75 mand 3.50 m ollimator diameters using 0.015 m3 ion hamber.
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�����FPFig. 2. Beam pro�les (OAR) of 6 MeV X-ray beam formed with ollimators of 0.75m to 3.00 m in diameter, measured with diamond detetor.3.3. ROFRelative Output fator ROF is de�ned by:ROF() = D(; 0; dmax)D(10� 10m2; 0; dal) (3.3)and is the ratio of the dose at a depth dmax on the entral axis for a ollimatordiameter  relative to the dose measured at the same point in a standard10� 10 m2 alibration �eld. Output fator measurements were made alongthe entral axis of the beam at the isoentre, using ion hamber. Fromperformed investigation (detailed values will presented elsewhere) we ouldsee that ROF for the irular ollimator is the funtion of primary jaws�eld size setting. Figure 3 shows the ROF values for the beam formed withthe representative ilular ollimators and with �xed primary jaws �eld sizesetting: 5� 5 m2.
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Fig. 3. Relative output fators (ROF) of 6 MeV X-ray beam formed with ollimatorsof 0.75 m to 3.0 m in diameter and with primary jaws �eld size setting 5� 5m2,measured using ion hamber. 4. ConlusionsDosimetri parameters TMR, OAR, ROF are presented based on themeasurements with diamond detetors and ion hambers. Comparison ofTMR values measured with small ionization hamber (0.015 m3) and dia-mond detetor showed no signi�ant di�erenes. The diamond detetor wasfound to be more appropriate hoie for beam pro�le measurements thanthe ionization hambers and yields more aurate results. Collimator out-put fators an be measured with ionization hamber with sensitive volume0.015 m3. Relative output fator (ROF) for the irular ollimator is thefuntion of the primary jaws �eld size setting. We suggest that measure-ments of TMR, OAR and ROF for all irular stereotati ollimators shouldbe made with a �xed primary jaws �eld size setting: 5� 5 m2.The mehanial and dosimetri harateristis of radiotherapy unit(Clina 2 300 CD with BrainLAB's ollimators) are found to be suitablefor stereotati radiosurgery and radiotherapy.



Dosimetri Charateristis of Cirular 6-MeV X-Ray Beams : : : 87REFERENCES[1℄ O.O. Betti, V.E. Derehinsky. Ata Neurohirurgia 12, 385 (1984).[2℄ F. Colombo, A. Benedetti, F. Pozza, R.C. Avanzo, C. Marhetti, G. Chierego,A. Zanardo, Neurosurgery 16, 154 (1985).[3℄ G.H. Hartmann, W. Shlegel, V. Sturm, B. Kober, O. Pastyr, W.J. Lorenz,Int. J. Rad. Onol. Biol. Phys. 11, 1185 (1985).[4℄ W. Lutz, K.R. Winston, N. Maleki, Int. J. Radiat. Onol. Biol. Phys. 14, 373(1988).[5℄ P.H. MGinley, E.K. Butker, J.C. Landry, Phys. Med. Biol. 35, 649 (1990).[6℄ E.B. Podgorsak, A. Oliver, M. Pla, P. Lefebvre, J. Hazel, Int. J. Radiat. Onol.Biol. Phys. 14, 115 (1988).[7℄ R.W. Laing, A.P. Warrington, J. Graham, J. Britton, F. Hines, M. Brada,Radiother. Onol. 27, 22 (1993).[8℄ J. Fijuth, L. Kepka, Nowotwory 48, (1999), in press (in Polish).[9℄ A. Wysoka, Nukleonika, 41, 11 (1996).[10℄ M.H. Philips, M. Kessler, F.Y.S. Chuang, K. Frankel, J.T. Lyman, J.L. Fab-rikant, R.P. Levy, Int. J. Raiat. Onol. Biol. Phys. 20, 881 (1991).[11℄ F.J. Bova, W.A. Friedman, Int. J. Raiat. Onol. Biol. Phys. 20, 891 (1991).[12℄ A. Wysoka, Rep. Pratial Onology 3, 59 (1998).[13℄ K.R. Winston, W. Lutz, Neurosurgery 22, 454 (1988).[14℄ G. Chierego, P. Franeson, F. Colombo, F. Pozza, Radiother. Onol. 29, 214(1993).[15℄ Ch.F. Serago et al., Phys. Med. Biol. 37, 1943 (1992).[16℄ B.E. Bjarngard, J.S. Tsai, R.K. Rie, Med. Phys. 17, 794, (1990).[17℄ P.W. Hoban, M. Heydarian, W.A. Bekham, A.H. Beddoe, Phys. Med. Biol.39, 1219 (1994).[18℄ I.J. Das et al., Radiother. Onol. 38, 61 (1996).[19℄ S.N. Rustgi, Med. Phys. 22, 567 (1995).


