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Abstract: Intensity Modulated Radiotherapy (IMRT) is an increasingly used treatment technique. Patient-related Quality Control (QC) is essential part of IMRT clinical implementation, as fluencies of Intensity Modulated (IM) fields has to be independently verified prior to delivery of the IMRT plan to the patient. The aim of this study was to evaluate volume-averaging effect of different ionization chambers used for ionometric dosimetry of the IMRT fields.
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1. Introduction
IMRT is one of Conformal Radiotherapy (RT) techniques, which is gaining increasingly widespread use. Using this technique it is possible to achieve a better dose conformity to the tumor volume and an increased sparing of normal tissues.
IMRT is very complex technique and therefore it demands a high level of quality control both in the operation of the equipment and in the delivery of treatment to individual patients [1].
Ionization chambers are the preferred radiation detectors for measuring absorbed dose in IMRT fields. Absolute dose measurements using ionization chambers (ICs) is still the gold standard check for IMRT treatments [2]. Dose measurements with ICs reflect the average dose value over their volumes [3]. Usually the beam central axis (CAX) is used for reference dose measurements, but that may cause large dose variations in IMRT fields. Consequently there will be reduced accuracy in the measurements.
As a detector has a finite size, so-called detector size effect can affect measurements, especially in a regions with high-dose gradients resulting in incorrect point dose determination.

A special interest is caused by penumbra and high dose gradient regions. Absolute patient related dosimetry in these regions can suffer from considerable high errors.
Recently many authors have studied behavior of different detectors in regions with high-dose gradients, but most of these studies are devoted for measurements of small fields, so treating IMRT dynamic fields as sum of such small segments. The main aims of this work was to evaluate influence of spatial resolution of three different detectors widely used for relative and absolute dosimetry in the IMRT fields and to estimate its influence on detectors response in case of dynamic dose delivery.
2. Materials and methods

2.1. Test field configuration
Static test field was designed (10 x 10 cm2). The point dose measurements were made at the CAX as well as at the ten points in the penumbra region of the field. 

The dose in the same points was measured for the dynamic IM field. The dynamic IM test field was made so that in a middle part of the field (10 x 10 cm2) fluency was homogeneous, but at each side there were regions with a high- dose gradient like a penumbra region of the static field (Fig. 1).
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Fig. 1. Fluence of dynamic IM test field
In the IM test field, to get a dose profile like open static field, intensity was modulated using so called “sliding windows” technique (Fig. 2). 
[image: image2.emf]0

10

20

30

40

50

60

70

80

90

100

-70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70

position (mm)

Dose (%)

dynamic field 10x10 open field


Fig. 2.  Dose profiles of static and dynamic test fields acquired using film dosimetry

The farthest measurement point was located 55 mm from CAX. The penumbra region of both test fields was scanned with 1 mm step. All measurements were normalized to the CAX measurements in order to make a comparison between different detectors used in this study. 

2.2. In-phantom measurements
Measurements were made with linear accelerator (linac) Clinac 2100C/D (Varian Medical Systems, USA). This accelerator is a dual photon linac equipped with a multileaf collimator (MLC). The MLC has 40 opposed leaf pairs. Each MLC leaf is 6 cm thick made from wolfram with leaf transmission 1. 5%-2% for 6MV photon energy. A width of each MLC leaf is 1 cm at the level of the isocenter.  
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Fig. 3.  Radiation detectors used for phantom measurements. a) “Farmer” type chamber; b) “Semiflex” ionization chamber and c) Scanditronix Wellöfer semiconductor p-type diode
Fields were irradiated with 6MV photon beam with dose rate 300 MU/min. 

Radiation beam incidence was perpendicular to the surface of a water phantom. The water phantom used in our measurements is Blue Phantom from Scanditronix Wellhöfer. The Dose measurements were performed at a depth 5 cm and source-axis distance (SAD) 100 cm.
Three radiation detectors were used. PTW 30006 “Farmer” type chamber with its active volume 0.6 cm3; PTW 31002 “Semiflex” type IC 0.125 cm3; Scanditronix Wellöfer semiconductor p-type diode model PFD3G (Fig. 3). All of the detectors are of cylindrical geometry with diameter of active area 6.1 mm, 5.5 mm and 2.0 mm respectively [4].
ICs were positioned with their longitudinal axis parallel to the beam axis, while diode was positioned vertically. The diode used in this work was an energy compensated photon diode with tungsten powder mixed with epoxy added behind the chip, to differentially absorb low energy scatter.
Examination of the response of three ionization detectors of different sensitive volumes was performed, using set of static and IM fields. Detectors were cross-calibrated in static field of size, sufficient to cover with homogeneous dose chamber with the largest sensitive volume. Dynamic IM test field with high- dose gradients through chamber sensitive volume was designed. Measurements in the penumbra region of the static field were used to separate effects of dynamic dose delivery from the chamber averaging effect. Penumbra profile of the static field was acquired using all detectors under investigation
2.3. Film dosimetry
Fluencies of all test fields were verified using film dosimetry.

Dose profiles for static field as well as for dynamic field were acquired using film dosimetry. Films were irradiated in water equivalent phantom at a depth of 5 cm at the isocenter plane. Kodak® X-Omat films were used for the measurements.
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a)                                                                                                  b)
Fig. 4. Dose profiles in the penumbra region of a) static field and b) IM dynamic field acquired with different detectors.
Films were calibrated using method proposed by Childress et al. [5]. During measurements calibration film was exposed together with test films. The calibration field contains 9 dose levels (1. 23 – 95. 63 cGy). Areas with different dose levels were formed using dynamic MLC (dMLC) static sequence. Irradiated films were digitized using film scanner Vidar (Vidar Systems Corporation, USA) with resolution 75 dpi in 12 bit mode (point size 0.339 mm). Scanned films were stored in 12-bit TIFF format, for further processing using DoseLab 4.0 software [6]. Optical density image was converted to the dose image using calibration curve, acquired by means of calibration film. 

3. Results and discussion
Dose profiles, acquired in the 1 cm wide penumbra region of the static test field as well as IM dynamic field, are represented in Figure 4. 

In the graph on the left (Fig. 4a), dose profiles for static test field are shown. As one can see, these dose profiles for static field represent a response of detectors in a penumbra region.

This graph also demonstrates that ICs with large volume have smeared signal in high dose gradients. More sensitive and thus more suitable for dose measurements in the penumbra region are semiconductor detectors and radiographic films.
From the dose measurements in the penumbra region of the static field one can also see, that the smallest detector is more precise than both ICs. This graph shows that in uniform dose region, both low dose and high dose, all of the detectors, used in this study, have similar response.
Completely different situation is in the dynamic mode (Fig. 4b). Results show that only in a uniform and high dose region effect of spatial resolution of the detectors is lowest. In the high dose gradient and low dose region this effect is considerably high.  
It is possible to extrapolate acquired data to a response of the detector with zero dimensions. In this way we can estimate deviation of each detector due to spatial resolution. In order to do this, the measurements results of all detectors at a single measured point were extrapolated with polynomial regression to detector size with zero dimensions. Reconstructed penumbra represents results of polynomial regression analysis. Than, it is possible to calculate individual deviation for each detector under investigation (Table 1, Figure 5).
Figure 5 shows dose deviations from reconstructed penumbra for detectors under investigation for static field (Fig. 5a) and dynamic field (Fig. 5b). There is inconsistency in the response of detectors in areas with similar dose gradient in static and dynamic fields. On average Farmer type chamber shows greatest deviations from reconstructed penumbra. This can be partially explained by its large sensitive volume, which is in accordance to literature data [7, 8]. Nevertheless one can see deviations of opposite sign in dynamic field as compared to static field for both ionization chambers. 
Table 1. Deviation from point detector
	Off axis distance, mm
	Static field
	Dynamic field

	
	Farmer 0,6
	PTW 0,125
	Diode
	Farmer 0,6
	PTW 0,125
	Diode

	-55,0
	59%
	60%
	51%
	23%
	26%
	-3%

	-54,0
	57%
	58%
	44%
	37%
	39%
	-4%

	-53,0
	61%
	62%
	44%
	54%
	54%
	-7%

	-52,0
	55%
	60%
	36%
	57%
	62%
	-9%

	-51,0
	51%
	56%
	29%
	31%
	40%
	-4%

	-50,0
	45%
	54%
	33%
	-7%
	2%
	-3%

	-49,0
	28%
	36%
	26%
	-18%
	-10%
	1%

	-48,0
	15%
	20%
	18%
	-16%
	-8%
	3%

	-47,0
	4%
	10%
	13%
	-9%
	-3%
	3%

	-46,0
	-1%
	4%
	7%
	-4%
	-1%
	2%

	-45,0
	0%
	4%
	6%
	-2%
	0%
	2%
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Fig. 5.  Dose deviations from reconstructed penumbra for examined detectors for a) static field and b) dynamic field
4. Conclusions
A correct modeling of the beam penumbra is especially important in case of IMRT treatment verification because IM beam may have areas of high dose gradient anywhere in the field not only at the boundaries [9].
Farmer type IC could not be recommended for IMRT field measurements due to its relatively large volume.
Both ICs have shown great differences of dose measurements in the region of high dose gradient. This can be partially explained by its large sensitive volume, but nevertheless there exist deviations of opposite sign in dynamic field as compared to static field for both ionization chambers. This fact could not be fully explained at present moment and requires additional investigation. As continuation of this work additional measurements with other detectors used in Radiation dosimetry will be performed to separate different detector response characteristics. 
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