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Abstract 

Intensity modulated radiotherapy (IMRT) is a complex procedure requiring proper dosimetric 

verification.  IMRT dose distributions are characterized by steep dose gradients which enable 

to spare organs at risk and allow for an escalation of the dose to the tumor.  They require 

large number of radiation beams (sometimes over 10).  The fluence measurements for 

individual beams are not sufficient for evaluation of the total dose distribution and to assure 

patient safety.  The methods used at the Centre of Oncology in Warsaw are presented. In 

order to measure dose distributions in various cross-sections the film dosimeters were used 

(radiographic Kodak EDR2 films and radiochromic Gafchromic EBT films).  The film 

characteristics were carefully examined.  Several types of tissue equivalent phantoms were 

developed.  A methodology of comparing measured dose distributions against the 

distributions calculated by treatment planning systems (TPS) was developed and tested.  The 

tolerance level for this comparison was set at 3% difference in dose and 3 mm in distance to 

agreement).  The so called gamma formalism was used.  The results of these comparisons for 

a group of over 600 patients are presented. Agreement was found in 87 % of cases.  This film 

dosimetry methodology was used as a benchmark to test and validate the performance of 

commercially available 2D and 3D matrices of detectors (ionization chambers or diodes).  

The results of these validations are also presented. 

 

Introduction 

The use of intensity modulated radiation therapy (IMRT) and its newest modalities such as 

tomotherapy or volumetric modulated arc therapy (VMAT), is increasingly widespread in 

radiation oncology. Contemporary medical accelerators allow for an extensive dynamic 

modulation of the beam resulting in sophisticated dose distributions obtained around the 

tumor.  The IMRT dose distributions are characterized by steep dose gradients which enable 

to spare organs at risk and allow for an escalation of the dose to the tumor. However the steep 

dose gradients may result in dangerous over-dosage of the organs at risk or, on the other hand, 
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in under-dosage of the tumor when positioning errors occur.  These may cause higher normal 

tissue complication probability (NTCP) or lower tumor control probability (TCP) 

respectively. Furthermore, the limitation of calculation algorithms applied in the computer 

treatment planning systems (TPS) may be the cause of such undesirable effects. New 

techniques of radiotherapy are followed by adequate developing of the dosimetry equipment 

and methods of verification of calculated dose distributions in order to assure the patient 

safety. Dynamically modulated beams require simultaneous measurement over the entire field 

of irradiation. The first choice is film dosimetry which allows both for single beam dose 

measurements and for total dose distribution measurements produced by several beams in the 

phantom in conditions identical to the patient treatment. Obvious benefits of the use of 

dosimetry films such as excellent spatial resolution or easy positioning in the 

anthropomorphic phantoms, are undermined by a high workload required for film positioning, 

processing, scanning, calibration and dose readout, especially when single fields are verified. 

The results of the comparison of the calculated and measured dose distributions are typically 

obtained a few hours after the irradiation. Due to the long time required for the film 

processing the response in form of electronic devices was developed. Initially, flat arrays of 

diode detectors or ionization chambers were introduced as a response to the drawbacks of film 

dosimetry. Such solutions supported by dedicated software allowed for immediate verification 

of the planned dose. On the other hand, the poor spatial resolution, as well as the limitation in 

the positioning of the flat arrays made such devices insufficient for reliable verification of 

total planned dose distribution. The latest achievements in the planned dose distribution 

verification are systems consisting of the phantoms with a volumetrically distributed array of 

electronic detectors or flat detector arrays mounted on the gantry of the accelerators integrated 

with the computing software.  This allows for dose distribution reconstruction. The 

reconstruction algorithms require the data obtained during the measurements and the 

information about the geometry of the planned beams. In this manner the computed 

reconstructions of dose distributions are used for verification of the dose distributions 

calculated with the TPS. In fact, during the verification two calculated dose distributions are 

confronted. In this study the method based on the film dosimetry for validation of the 

performance of commercially available 3D detector arrays for patient treatment plan 

verifications is presented. 
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Materials and Methods 

For the clinical pretreatment verification of the planned dose distributions the CarPet 

anthropomorphic phantom and Kodak EDR2 films were used [1]. The films were sandwiched 

between the phantom slabs made with water equivalent material and irradiated according the 

patient IMRT plan. The calibration film was irradiated apart in order to obtain the dose 

response curve [2]. The irradiated films were digitized together with the calibration films 

using a VIDAR VXR-16 scanner. From the digital images of the films the dose distributions 

were reconstructed and compared with the planned ones using the in-home made software 

(INH) with the gamma formalism calculation algorithm [3]. 

The Delta4®(Scandidos, Sweden) and ArcCHECK® (Sun Nuclear, USA) volumetrically 

arranged diode arrays (see Figure 1) were examined in order to validate the performance of 

their dose distribution reconstruction algorithms. The Delta4array consists of three flat arrays 

of semiconducting detectors placed inside the 40 cm long cylindrical 

 

Figure 1.Delta4®Scandidos (left) and ArcCHECK® Sun Nuclear (right) diode detector arrays. 

 

phantom of 22 cm diameter. The main array is placed inside the phantom made of PMMA in 

plane of its diameter. Two remaining “wing” arrays are placed from both sides of the main 

one almost perpendicularly at an angle of 80º or 100º. The phantom was irradiated in order to 

measure the doses in plane of the flat arrays and to reconstruct the dose distribution in the 

remaining volume of the cylinder. The reconstruction algorithm beside the measured data 

requires also the plan geometry information provided by a digital file generated with TPS. For 

the validation of the Delta4 performance the cylindrical phantom of 22 cm diameter and 40 

cm length was manufactured (see Figure 2). The phantom consisted of two cylinders made 

with paraffin and PMMA and allows for positioning of the film between them. During the 

validation the reconstruction of the axial planar dose distributions generated within Delta4was 

compared against the dose distribution measured with films in the homemade phantom of the 
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same shape after the irradiation with the beams of patient treatment plans.  ArcCHECK is a 

21 cm long tube-like array of diode detectors positioned helically at a depth of 2.9 cm in the 6 

cm thick wall of the array. The Pa 3DVH software available with the array allows for the dose 

distribution reconstruction over the patient computer tomography (CT) and for DVH 

calculation for the structure volumes defined in TPS basing on the measuring data and the 

provided treatment plan parameters. The films irradiated in the phantom manufactured for 

validation of Delta4 were also used for validation of the system consisting of ArcCHECK 

array and Pa 3DVH software, because the phantom CT and its outline contour were used 

instead of the patient data.  

 

Figure 2.The cylindrical phantom of 22 cm diameter and 40 cm length made of PMMA and 

paraffin designed for film dosimetry. 

 

The beams defined in the patient were used for irradiation of the Delta4 as well as the 

ArcCHECK arrays. The plans were prepared and the dose distributions in the CT of the 

phantom were computed with Eclipse (Varian, USA) TPS using the analytical anisotropic 

algorithm (AAA). Three IMRT treatment plans of three patients were used for the validation. 

The plans were prepared for radiotherapy of head and neck tumors with 6 MV photon beams. 

Clinac 2300C/D (Varian, USA) linear accelerator was used for irradiation the validated arrays 

and the films in the phantom for the treatment verification. The Gafchromic EBT (ISP, USA) 

radiochromic dosimetry films were used in the validation procedures. The EBT films do not 

need chemical processing and are not sensitive to room light. Nine calibration films were 

irradiated with doses from 10 cGy to 1 Gy in order to transform the distributions of the optical 

density over the films into the dose distributions. The irradiated films were digitized using a 

Perfection V750 (Seiko Epson Corporation, Japan) flat bed CCD scanner. FilmQA 



 

European	Medical	Physics	and	Engineering	Conference,	Sofia,	October	18‐20,	2012	
41 

(3Cognition, USA) software was used for comparison of the reconstructed/calculated dose 

distributions with the measurements made with films. The axial dose distributions 

reconstructed both with Delta4 and ArcCHECK/Pa 3DVH systems as well as the ones 

calculated with Eclipse TPS were imported into FilmQA application. Also the digital images 

of the irradiated films obtained with the scanner were imported. The examined dose 

distributions were registered (shifted, rotated etc.) against each other and the gamma index [3] 

analysis was performed using FilmQA. The parameters of the gamma index were set at 3% of 

the local dose and 3 mm as a distance to agreement. 

 

Results 

Results for a group of over 600 patients for which the pretreatment plan verifications with 

Kodak EDR2 films were performed are presented on the Figure 3. The plan-to-measurement 

agreement was found in 87% of cases when the acceptance criteria was set for at least 90% (at 

3 % dose and 3 mm) accepted points in a rectangular region embedding the 80% isodose. 

 

Figure 3.Histogram presenting the number of plans vs fraction of accepted points for the INH 

gamma evaluation method. 

 

The gamma analysis of compared axial dose distributions were preformed in a 10 × 10 cm2 

square region of interest (ROI) centered in the isocenter of each plan. The fractions (%) of the 

ROI area for which the gamma index Γ ≤ 1 (i.e. accepted) were acquired as the results for 

three axial dose distribution comparisons: Delta4 vs. film, ArcCHECK Pa 3DVH vs. film and 

additionally Eclipse vs. film as the reference standard technique. The results of the gamma 

analyses for three different patient plans are presented in Table 1.   

Histogram of the results of IMRT plan verifications
 for INH gamma evaluation implementation
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Table 1.Results of the comparisons of dose distributions calculated with Delta4 or ArcCHECK Pa 

3DVH verification systems or Eclipse TPS with the distributions measured using films. 

Patient 

no. 

Delta4 vs. film 

(%) 

ArcCHECK Pa 3DVH vs. film 

(%) 

Eclipse TPS vs. film 

(%) 

1 89.19 86.05 93.67 

2 79.22 74.77 89.71 

3 88.89 87.46 90.03 

 

Discussion 

The results (in Table 1) show that the fractions of accepted points for each patient are similar 

for three different methods of dose distribution calculation. The film dosimetry used as a 

benchmark allowed for the comparison and the evaluation of the performance of two dose 

reconstruction algorithms based on 3D detector arrays and the advanced AAA calculation 

algorithm of one of TPS. The highest degree of agreement with the measurement data 

obtained using films was obtained for the AAA calculation algorithm of Eclipse TPS (last 

column of Table 1). However, the results obtained for the two remaining verification systems: 

Delta4 and ArcCHECK Pa 3DVH are similar to each other (two middle columns of Table 1) 

and are in range1.5%-5% depending on the patients. Moreover the results obtained for tested 

3D systems differ in range 3%-10% from the results obtained for AAA. The commercially 

available contemporary dosimetry systems for the verification of the patient treatment based 

on 3D detector arrays allow for the reconstruction of the dose distributions over the CT of the 

phantom volume or over the patient body.  

Recently, a new solution to the problem is proposed by some manufacturers [5]. This is the use 

of EPID (Electronic Portal Imaging Device) to establish the dose distribution on line (Figure 4). 

 

Figure 4.EPID (Electronic Portal Imaging Device) 
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The dose distribution is calculated on the basis of measured open and transit doses. Then, the 

resulting dose is backprojected to multiple CT planes to form a dose grid using the CT data.  

Subsequently the patient scattered dose, based on transmission, is added.  When properly 

validated, this method could become the ultimate solution. 

 

Conclusion 

The commercially available dosimetry systems for the 3D verification of the patient treatment 

based on detector arrays allow for the reconstruction of the dose distributions over the CT 

images of the phantom or of the patient body. They cannot be assumed as the basic reference 

dosimetry equipment or benchmark of the dosimetry verification because of the calculation 

algorithms involved in the reconstruction of volumetric dose distributions. The systems 

examined in the study use both the dosimetry data and the calculation models in a way similar 

to TPS and hence the results of the obtained dose reconstructions or treatment verifications 

may be affected by limitations of the applied calculation models. The difference between TPS 

and the 3D detector array verification systems is that the beam data for TPS are acquired and 

configured once every few years while for the latter – during each verification session. Due to 

the significant impact of limitations of the calculation models used in the commercially 

available systems for 3D radiation treatment verifications on the safety of the patients the 

detector arrays and the provided software should be validated before the clinical use. The 

validation can be performed in two proposed ways. The first “absolute” way uses a 

benchmark method such as film dosimetry to validate the performance of the examined 

system. The other “relative” way compares results of two similar but independent systems. If 

the results of one system are confirmed by the results obtained with the other, both of them 

are validated. Otherwise, none of them can be used. 

 

References 

1. Gillis S, De Wagter C, Bohsung J, Perrin B, Williams P, and Mijnheer BJ, An inter-

centre quality assurance network for IMRT verification: Results of the ESTRO 

QUASIMODO project. Radiother Oncol 2005;76(3):340-353.  

2. Chełmiński K, Rostkowska J, Kania M, Bulski W, and Gwiazdowska B, 

Measurement of the sensitometric curves of Kodak EDR2 and X-Omat V films using 

Enhanced Dynamic Wedges and Dynamic Multileaf Collimators. Rep Pract Oncol 

Radiother 2005;10(6):293-300. 



 

European	Medical	Physics	and	Engineering	Conference,	Sofia,	October	18‐20,	2012	
44 

3. Low DA, Harms WB, Mutic S, and Purdy JA, A technique for the quantitative 

evaluation of dose distributions. Med Phys 1998;25(5):656-661. 

4. Walewska A, Bulski W, Chełmiński K, Kamiński P, Rostkowska J, Kania M, 

Zalewska M, Markiewicz I, Grochowska P, Results of practical implementation of 

film dosimetry for IMRT plan verification. Radiother Oncol 2008;88(Sup 2):S391. 

5. Wendling M, Louwe RJW, Mcdermott LN, Sonke JJ, van Herk M, and Mijnheer BJ, 

Accurate two-dimensional IMRT verification using a back-projection EPID 

dosimetry method. Med Phys 2006;33(2):259-273. 

  


