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Purpose: To empirically develop a mathematicalmethodto determineelectronoutput
factors with varying energies,sourceto surfacedistances(SSD), and irregularcutout
shapes used in electronbeamtherapy.

Method and Materials: Circular Cerrobendcutoutsof diameters ranging from 2 cm to
conesize, for variousconesizes,were used to measureelectronoutputfactorsfor a
Varian21EX linearaccelerator. Measurements weremadein a 30 x 30 x 20 cm3 solid
waterphantomwith a 0.3cc PTW ion-chamberanda StandardImaging electrometer.
Electronswith energiesof 6, 9, 12,16 and 20 MeV, with SSDs of 100,105,110and 115
cm were measuredat thepositionof maximum dose(Dmax) to determineoutput factor.
Thevirtual sourcemethod was usedto modelextendedSSDconditions.All measured
output datafrom thesecircular cutoutswerefitted with thesamelinearregression
functionusingWolfram’s Mathematica softwareto predictoutputfactors.Theeffective
radiusof a clinical cutoutis thenmatchedwith thecircular cutoutdatato determinean
output factor.Theaverageof twelvemeasuredequiangularradii determinestheeffective
radiusfor eachirregularly shaped clinical cutout.An additional empirical mathematical
formulawasusedto incorporate extrememinimumwidth andaspectratio combinations.
To validatethis empirical mathematical approach,we measuredoutputfactorsfor 100
clinical cutoutsof various shapes and sizes,andcomparedthesewith predictions. 
 
Results: It is foundthat themeasuredoutputfactordiffers from prediction by morethan
3% in two out of 100cutouts. In mostcasesthis difference, however,is under2%.

Conclusion: Theempirical methoddevelopedin thepresent studysuccessfully
determineselectronoutputfactorsfor variousenergy, SSD, cone,andirregularshape
combinations.This methodis a viable alternativeto traditionalmethodsof electron
output factor determination.


