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Miniphantom measurements have fast become the method of choice to characterize the output variation of 
photon energy fluence for both model (kernel superposition or Monte-Carlo) based and traditional, factor-
based dose calculation algorithms.  The increasing use of IMRT has compelled the need to characterize the 
energy fluence accurately both on and off the central axis, and inside and outside of the beam collimation.  
 
The concept of in-air output factor, Sc, has been evolving over the years.  The aim of Sc is to characterize 
the variations of the photon energy fluence with collimator settings.  It is most recently defined by the 
working draft of AAPM TG74 as the ratio of primary collision kerma in water per MU between an 
arbitrary collimator setting and a reference collimator setting.  Hence, once charged particle equilibrium is 
established for an electron contamination free location in a miniphantom contributing negligible scattered 
photons, the detector signal is proportional to collision kerma, which is proportional to energy fluence. 
Measurements and analytical studies have shown that there are three components for Sc: photon 
headscatter, source obscuring effects, and monitor backscatter effects.  Various sources of headscatter, 
which include the primary collimator, the flattening filter, the secondary collimators, (and a wedge, if 
used), have been characterized.  Monte Carlo simulations have separated the various components of the 
headscatter to interpret the measurement results.  
 
There has been some confusion regarding the miniphantom measurement technique that prevents 
widespread use of its measurement.  Published data gave conflicting results on the effect of the dimension 
and materials of the miniphantom on the measured values of Sc.  A safe subset of miniphantom 
specifications is established to obtain a consistent value for Sc.  With the widespread use of MLC, it 
becomes necessary to determine Sc for irregular fields.  Different MLC configurations pose quite different 
characteristics from the conventional collimators (the X and Y jaws).  A methodology to model the output 
factor becomes important. In addition, extensive data have been published in the literature to provide a 
guide on the magnitude of Sc for clinical accelerators, which can be used to QA measured Sc.   
 
The objective of this course is to present a comprehensive review of the issues related to measurement and 
use of Sc for photons from clinical linear accelerators. In particular, the impact of Sc on dose calculation for 
different beam geometries and configuration is discussed.  
 
Educational Objectives: 
1. To discuss the various components that contributes to the output variation of clinical linear accelerators 

and its impact on MU calculation for various beam geometries. 
2. To review the techniques of miniphantom measurements and the current understanding of the impact 

of material and geometry of miniphantom on Sc. 
3. To understand various approaches to parameterize the headscatter sources for determination of Sc for 

square, rectangular, and irregular fields for both open and wedged beams. 
4. To discuss Sc for offset fields and at off-axis points inside and outside of beam collimation. 
5. To summarize the magnitude of output variation for different linear accelerators and propose QA 

methods for Sc. 


