7- Discussion:

In fig-29, PDDs calculated by MCNP and plan-UNC almost behave with the same manner. And this similar behavior is attributed to the interaction medium. For both MCNP, and plan-UNC, PDDs curves have been generated in a uniform volume of water (water phantom). We can’t depend on this ideal case to compare between algorithms. So, fig-24 is used mainly to confirm that our MCNP geometry and beam parameters are almost similar to geometry and beam parameters commissioned in plan-UNC. 
The lack of plan-UNC in modeling the transport in an inhomogeneous medium is obviously clear in fig-32 although the in homogeneity correction option is on, and we can use the MCNP central PDD curve generated in ZUBAL head as a reference.  The central PDDs in fig-32 behave as it’s expected at the buildup region, and the difference is not very high. At depth of 2cm, where the inhomogeneous medium exists due to the sudden change from skull bone to brain tissues, a large difference between PDDs is clearly shown by the third curve in fig-32. At this particular region, we should expect that the dose will suddenly decrease, as it's indicated by MCNP curve, because of the movement from a high density region (bone) to a low density region (brain tissue). But this is not the case for the central PDD curve generated by plan-UNC. The curve starts from the maximum dose like MCNP curve, and then it decreases smoothly with depth, without any fluctuation or even sudden drop in the PDD curve at the inhomogeneous region. With increasing the depth, the difference between curves becomes much smaller, which is also indicated by the difference curve in fig-32. 

The in homogeneity correction option in Plan-UNC is used to account for the in homogeneity effect on the dose calculated, and the Iso-dose lines. It seems that this option is not function properly. In fig-34, a comparison between iso-dose lines generated by Plan-UNC and MCNP shows the lack in the in-homogeneity correction option. Improving the source definition will improve beam profiles. And this will make the comparison made in fig-34 more reliable.

The estimation of the scattered radiation is considered also a critical problem, and it’s very important in IMRT planning. Unfortunately plan-UNC doesn’t have a surface dose plotting feature, only surface dose distribution generated by MCNP data can be shown using the MATLAB GUI.

The surface dose distribution feature is a very important tool in comparison between algorithms, as it has been used by M. Fippel [6]. In fig-35, we can see the surface dose distribution in the coronal view, at the maximum buildup dose surface (#12). Also fig-36 shows a magnified 3D surface dose distribution at the same surface.  And the effect of the irregular contour and scattered radiation is clearly shown by the irregularity of the surface, especially at the edges of the field.
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8- Conclusion:
· MCNP is a powerful tool for simulation, especially when it’s applied in the clinical applications.

· The developing of commercial TPSs algorithms is a very important issue, especially nowadays, where most of the clinical centers have implemented IMRT.

·  The lack of plan-UNC algorithms in simulating scattered radiation and modeling the transport in an inhomogeneous medium has been confirmed with no doubts, and a future work has to be done in order to assess this lack quantitatively.

· It is clear from the 6MV beam profiles that the source definition has to be improved. 

· It seems that the in homogeneity correction option in Plan-UNC is not functioning properly.

· It’s very important to implement TPS algorithms which are based mainly on MCNP, and this can be done with the help of other software, like the software that have been used in this project.

· Also developing new MCNP interfaces, and using other methods in dealing with phantom segmentation to be read by MCNP, such as the MCNP lattice feature is very important, especially if we are dealing with higher resolution phantoms.

· Involving programming languages such as Visual Basic, and MATLAB is very important in developing and dealing with MCNP input and output data, because these languages works under Windows environment, and can be connected with all the Office applications, which means that all features that are exist in these applications are already available to be used in any interface programmed by these two languages. (An example of using these features is the GUI programmed by MATLAB, in which the 3D plot and the surface plot are considered built-in MATLAB features).      

References:
1 - Tommy Kn¨o¨os, Elinore Wieslander, Luca Cozzi. “Comparison of dose calculation algorithms for treatment planning in external photon beam therapy for clinical situations”. Phys. Med. Biol. 51 (2006) 5785–5807 
2 - Si Young Jang, PH.D, h. Helen liu, PH.D, Xiaochun Wang, PH.D. “Dosimetric Verification for Intensity Modulated Radiotherapy of Thoracic Cancers using Experimental and Monte Carlo Approaches”.  Radiation oncology biol. Phys, vol  66, no. 3, pp. 939–948, (2006).
3 - Emiliano Spezi, D. Geraint Lewis. “Gamma histograms for radiotherapy plan evaluation”. Radiotherapy and Oncology 79 (2006) 224–230.

4 - Rodgers, J.E. “Monte Carlo simulations of dose deposition applied to clinical radiation therapy”. Radiat. Meas. (2007), Volume 41, Supplement 1, 1 December (2006), Pages S36-S44

5 - Jeffrey V. Siebers. “Performance of a hybrid MC dose algorithm for IMRT optimization dose evaluation” American Association of Physicists in Medicine. Med. Phys. 34. 2853-2863 July (2007)
6 - M. Fippel1, M. Alber, M. Birkner, W. Laub, F. N¨usslin, and I. Kawrakow. “Inverse Treatment Planning for Radiation Therapy Based on Fast Monte Carlo Dose Calculation”  From: Advanced Monte Carlo for Radiation Physics, Particle Transport Simulation and Applications: Proceedings of the Monte Carlo 2000 Conference, Lisbon, 23-26 October, 2000. Springer, Berlin, 2001

Eds A Kling, F. Barao, M. Nakagawa, L. Travora and P. Vaz.
7 - A A Alghamdi, A Ma, M Marouli, Y Albarakati, A Kacperek, and N M Spyrou. “A high-resolution anthropomorphic voxel-based tomographic phantom for proton therapy of the eye”. Phys. Med. Biol. 52 (2007) N51–N59 

8 - Choonsik Lee, Choonik Lee, and Jai-Ki Lee. “On the need to revise the arm structure in stylized Anthropomorphic phantoms in lateral photon Irradiation geometry”. Phys. Med. Biol. 51 (2006) N393–N402.

9 - Habib Zaidi1, and Xie George Xu. “Computational Anthropomorphic Models of the Human Anatomy: The Path to Realistic Monte Carlo Modeling I Radiological Sciences”. Annu. Rev. Biomed. Eng. Volume 9, Page 471-500, Aug (2007).
10 - H. K. Kim, S. J. Han, J. L. Kim, B. H. Kim, S. Y. Chang and J. K. Lee. “Monte Carlo Simulation of the Photon Beam Characteristics “. From Medical Linear Accelerators. Radiat Prot Dosimetry, September (2006); 119: 510 – 513.

11 – ICRU report number (44).
12- Visual Basic 6 MSDN library.
13- Matlab7 Help.
14- (ZUBAL phantom web site) http://noodle.med.yale.edu/phantom/getdata.htm.
Fig-35.


(Coronal GUI).


Anatomical coronal view window (1), surface dose distribution window (2), 3D surface dose distribution window (3), surface dose contour window (4).
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Fig-36





Surface dose distribution window shows the dose distribution at dmax (1.5 cm).








