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Intensity-modulated radiotherapy (IMRT) is being carefully assessed for quality as an 
emerging technology for radiation oncology. The modulation of beam intensity is produced 
by a microprocessor-controlled multi-leaf collimator (MLC) and synchronous servo-
controlled linear accelerator beam output. Conformal target volume dose coverage and 
conformal avoidance of critical organs in the vicinity of the target volume require steep dose 
gradients which are produced by superposition of multiple beam segments and typically 
involve small numbers of monitor units per beam segment. The aim of this work is to describe 
the modulation quality for dose delivery of small MLC fields and MU/segment. The results 
were obtained with Pinnacle3 (V6) and a Varian Clinac 2100 EX (Varis 6.2) linear 
accelerator. The control loop in the Varian servo system requires approximately 100 ms to 
monitor and halt the irradiation of a segment, causing an “overshoot” effect (OS) [1]. This 
effect may produce a difference between the delivered and planned doses, which will be more 
significant as the MU/segment becomes small [2].  The received dose of the first segment is 
therefore higher than the planned dose. The middle segments have doses equal to the planned, 
but the dose of the last segment is less, because the planned beam dose is achieved before the 
time for exposition of the last segment. In general, the number of MU/segment decreases with 
increasing number of beams and also with increasing number of segments per beam. As an 
example from an IMRT plan for a prostate cancer patient, more than 30% of the beam 
segments have < 5 MU/segment.  A typical head and neck IMRT plan can have more than 
350 segments with < 5 MU/segments [3]. Surface dose within the segmented field area is also 
affected by the shoot effect. We investigated the over-shoot effect by comparing integrated 
multiple segmented exposures to a single exposure with the same number of total MU (1, 2, 3, 
4, 5 and 6 MU). To present the OS effect we define the Over-Shoot-Ratio (OSR) as is the 
ratio of the segmented dose for a 1 cm2 field at depth to the static dose for the same field size 
and depth. OSR was then measured as a function of MU/segment and dose rate. Measured 
results can be used to optimise IMRT planning and also to calculate the surface dose. 
Measurements were performed with a Farmer-type ionization chamber (Capintec, PR06C) in 
a flat solid water phantom at depth of 5, 8, 10 and 12 cm using 1 cm2 MLC field at the central 
beam axis with zero margin of X and Y jaws.  
The dependence as shown in Fig.1 of the dose in depth with 1, 2, 3, 4, and 5 MU/segments for 
6 MV photon beam, dose rate of 100 MU/min and 1 cm2 beam field at the central axis is 
presented, where the argument of the function is the depth and parameter of the function is the 
number of minimum MU/segment. 



 

Fig.1 Dose of the First segment at central axis 
6 MV and dose rate 100 MU/min
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The overshoot dose shown for 1 MU/segment with dose rate 100 MU/min is higher than the 
planned dose by 10%.  The dose ( ) realized by the first segment (1 x 1 cm site) of 
IMRT beam includes the planned dose  (                  ) and its overshoot effect. The OSRs do 
not depend on depth. The next figure (Fig.2) is shown how the OSR depends on the dose rate 
for different MU/segment. 
 

Fig. 2 Over-Shoot-Ratio
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We measured the dependence of the overshoot ratio on the MU/segment with a parameter of 
the dose rates (100, 400 and 600 MU/min). The effect increases with the dose rate and 
decreases with the increasing of the minimum number of MU/segment.  
The overshoot effect is summarized in the table. 
 
 

Over-Shoot-Ratio at 5-12 cm for 6 MV 
 1 MU/s 2 MU/s 3 MU/s 

100MU/min 1.1 1.05 1.04 
400 MU/min 1.4 1.2 1.1 
600 MU/min 1.7 1.34 1.2 



Having measured OSR for the 2100 EX linac it is possible to do correction and calibration of 
the dose of the first segment of IMRT beam, where the dose to the target and on the surface 
can increase over the planed dose of 1 MU by 40% and 70% for dose rate of 400 and 600 
MU/min respectively. The Over-Shoot-Ratio is an important parameter to be determined as 
part of routine quality assurance for IMRT and can be used to significantly improve the 
agreement between planned and delivered doses to the patient 
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