
A course is offered describing novel techniques for the verification of monitor 
units and dose for IMRT treatment plans.  While dose distribution verification by 
direct measurement remains the standard, the widespread safe implementation of 
IMRT requires the development of independent software to verify a treatment 
plan.  Three speakers, Chen Chui, Charlie Ma, and Lei Xing will present their 
approaches to independent, software-based IMRT MU verification.  Two of the 
methods involve the use of beam models (pencil beam convolution and general 
beamlet) and the third exclusively Monte Carlo. 

 
Pencil-Beam Convolution Method:  Chen Chui 
An independent MU check program was written that takes the leaf-sequencing 
file as input and calculates the absolute dose to a point or to a plane in a flat 
phantom. This result is used as a check to the output produced by the treatment 
planning system. The input to this program is the leaf-sequencing file, the total 
beam-on-time (MU), jaw setting and the beam energy. Based on this input 
information, the program first reconstructs the delivered intensity in-air, taking 
into account the effects of rounded leaf-end, mid-leaf transmission, tongue-and-
groove, and scattered source. After this, absolute doses (in cGy) are calculated 
either to individual points or to a plane at depth in a flat homogeneous phantom. 
The calculation is based on a pencil beam convolution method using the 
appropriate pencil beam kernel for the particular energy specified. The accuracy 
of the program was extensively verified with measurement. In general, agreement 
of 2-3% in dose or 2mm in distance in high dose-gradient region can be expected. 
The program has been in routine clinical use for over two years.  
 
General Beamlet Method:  Lei Xing: 
In this work, a closed formula for MU calculation in IMRT is derived.  The 
formalism is quite general and independent of the specific form of leaf sequence 
algorithm or delivery machine. The dose at an arbitrary spatial point (either on the 
central axis or off-axis) is expressed as a summation of the contributions from all 
the beamlets. The dose from each individual beamlet can be calculated using a 
variety of methods, as simple as a Clarkson type of approach or as complex as 
Monte Carlo simulation. The method is demonstrated using a simple scatter-
summation. Some specific issues related to the clinical implementation of the 
formalism, such as effect of skin contour variation, off-axis dose calculation, and 
the verification in the low dose region, are discussed.  In addition, the 
implementation of the technique with different delivery schemes (step-and-shoot, 
sliding-window, …) is addressed.  The approach is illustrated by a simplified 
example and several CORVUS (NOMOS corporation, Sewickley, PA) and 
HELIOS (Varian Medical Systems, Palo Alto, CA) treatment plans. The results 
indicate that it is robust and suitable for IMRT MU verification.  

 
Monte Carlo Method:  Charlie Ma 
This talk presents the use of the Monte Carlo method for IMRT monitor unit 
verification. We will briefly introduce the Monte Carlo method and its application 
in radiation therapy.   We will describe the clinical implementation of the Monte 
Carlo method for treatment planning dose calculation and IMRT beam delivery 



verification. We will present our preliminary results of IMRT monitor unit 
verification and comparisons of the Monte Carlo method with other algorithms 
and measurements. 
 

 


