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ABSTRACT 

Linear accelerators with x-ray collimators that move independently are 
becoming increasingly common for treatment with asymmetric fields. In this 
paper we present a simplified approach to the calculation of dose for 
asymmetric fields. A method is described for calculating the beam profiles, 
depth doses and output factors for asymmetric fields of radiation produced by 
linear accelerators (siemens mevatron M2) with independent jaws. Values are 
calculated from data measured for symmetric fields. Symmetric field data are 
modified using opened off-axis factors (OAFs) and primary off-centre ratios 
(POCRs) which are obtained from in air measurements of the largest possible 
opened field. Beam hardening occurring within the flattening filter is taken into 
account using of attenuation coefficients for opened field and used to generate 
the opened POCR at different depths. A full investigation to compare measured 
and calculated profiles demonstrates favorable agreement. 
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INTRODUCTION 

       Many manufacturers of linear accelerators have recently introduced machines with 
independent collimators. These are therefore capable of producing asymmetric fields of 
radiation. Treatment planning programs need data on beam profiles, depth doses and outputs; 
measuring these for all possible combinations of field size and asymmetry is impossible. 

      Several treatment planning systems calculate asymmetric fields on the assumption that 
these are equivalent to blocked fields [1]. However, the parameters required for treatment 
planning implementation depend on the algorithm used, and the method of their derivation is 
often not explicit. Since asymmetric fields are the simplest case of irregular fields, others [2] 
have approached this problem using appropriate algorithms that utilize the data available for 
symmetric fields. Two of these later methods have been chosen to reproduce asymmetric 
fields produced by a siemens linear accelerator located in Radiotherapy Department – South 
Egypt Cancer Institute. The first method, proposed by Thomas and Thomas [3], generates 
asymmetric Field profiles by computing the primary off-centre ratio (POCR). The second 
method, based on work, generates asymmetric field profiles by computing the off-center ratio 
(OCR) of the asymmetric field while using off-axis correction factors (OAFs). 
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      The two methods require software for their application, with the first being more 
demanding, since interpolations and extrapolations are needed for point-by-point corrections. 
We studied the problems arising from their application and compared their accuracy. 

METHOD (1) 

The first method that will be used in this study for the calculation of asymmetric fields 
was developed by Thomas and Thomas [3-6]. This method predicts the absolute asymmetric 
field profile (Da) for a point at an angle ф from the machine center axis at a depth d from the 
surface by means of the following equation:  

(1) 

 

(2) 

Where W and L are the width and length of the field, FSF is the field size dependence 
factor relative to reference field size of 10 cm × 10 cm at 100 SSD and dmax, 
PDDs(WL,d) is the percentage depth dose at depth d and field size of WL, OCRs is the 
off-center ratios of the symmetric field (center at ф =0), ф0 is the angular displacement 
of the center point of the asymmetric field from the machine center axis, The POCR is 
the primary off-center ratio, µ is the narrow beam attenuation coefficient of the radiation 
and µ0 is the attenuation coefficient along the axis of the machine. 

METHOD (2)  

The second method was developed by Lee, based on work by many authors. As a popular 
example, Khan et al. [2,7], has proposed the use of an off-axis factor OAF(x, d) for calculate 
the absolute asymmetric field profile (Da) from symmetric field data, which is a function of 
the depth d, and the off-axis distance from central axis x, by the following equation. 

(3) 

Where FSF, PDDs(WL,d), and OCRs are as defend as in Equation (1), x0 is the center 
point of the asymmetric field from the machine center axis. 

MATERIAL AND METHODS 

Siemens Mevatron (MD2) linear accelerator was used to produce x-ray beam of energy 6 
MV. The Dynascan (CMS) Beam data acquisition system was used to move a PTW 0.125 
cm3 ionization chamber to measure the beam profiles (Off Axis Ratio, OAR) in the water 
phantom at 100 cm SSD and at depths of (dmax, 5, 10 and 15 cm) for fields size (6 cm x 6 cm 
and 10 cm x 10 cm) for symmetric and asymmetric opened fields. OAFs were measured for 
field (40 cm x 40 cm) at depths of (dmax, 5, 10 and 15 cm) and normalized to the value at the 
centre. The asymmetric fields were measured at off-set (1.5, 3 and 4.5 cm) for field (6 cm x 6 
cm) and off-set (2.5, 5 and 7.5 cm) for field (10 cm x 10 cm). 
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POCR in air was measured for maximum field size (40 cm × 40 cm) and normalized to 
the value at the centre. A Perspex build-up cap of thickness 1.5 cm was used. The variation of 
narrow-beam attenuation coefficients (µ) with along the angle (φ) were obtained by 
measuring a depth-dose curve in water at 100 cm SSD for opened symmetric field (5 cm x 5 
cm), and by measuring the dose/ 100 monitor units with a 0.6cm3 ionization chamber in water 
for a 5 cm × 5 cm field with a variety of asymmetries. Measurements were carried out at 
depths (2, 5, 10, 17.5, 25 and 30 cm) for φ =φ0 = 0, ±0.04 and ±0.075 radians (corresponding 
to x0, = 0, 4 and 7.5 cm at the isocenter). The depth-dose curve for the symmetric field was 
measured at 1 mm intervals from 0 to 30 cm deep. The inverse square element was removed 
from these measurements by multiplying each value by: 

(4) 

RESULTS AND DISCUSSION 

The results for the depth dose curves for 6 MV and opened field size (5 cm × 5 cm) at 
100 cm SSD with the inverse square effect removed plotted on a logarithmic scale for a range 
of asymmetric off-sets are shown in figure (1). This figure is shows the attenuation 
coefficients (µ) = 0.05875 cm-1 at φ = 0 radians, µ = 0.05965 cm-1 at φ = 0.04 radians, µ = 
0.05934 cm-1 at φ = -0.04 radians, µ = 0.06038 cm-1 at φ = 0.075 radians and µ = 0.06028 cm-1 
at φ = -0.075 radians. The high degree of linearity for the majority of each curve shows there 
is little change of µ with depth. The portion of the φ = 0 radians curve between 10 cm and 
17.5 cm gives a value of µ = 0.05955 cm-1 whilst the portion between 17.5 cm and 30 cm 
gives µ = 0.05784 cm-1.  

Figure (1): 6MV open field. Depth dose data for 5 cm × 5 cm field at 100 cm 
SSD for various asymmetries, corrected for inverse square effects. 
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Figure (2) shows the POCRs at four depths for 6 MV opened field and the variation of 

attenuation coefficients across the beam calculated using equation (2). 

 
Figure (2): POCR and attenuation coefficients for 6MV open field. 

The dose profile  measurements (using ionization chamber) and calculations by method 
(1) [using equation (1)] and method (2) [using equation (3)] were drawn figures (3), (4), for 
field 6 cm × 6 cm at off-set (1.5, 4.5 cm) and figures  (5), (6) for field 10 cm ×10 cm at off-set 
(5, 7.5 cm). 

Figure (3): Asymmetric dose profiles of 6 cm × 6 cm (off-set = 1.5 cm) open 
field, calculated by two different methods. 
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Figure (6): Asymmetric dose profiles of 6 cm × 6 cm (off-set = 4.5 cm) open 
field, calculated by two different methods. 

Figure (7): Asymmetric dose profiles of 10 cm × 10 cm (off-set = 5 cm) open 
field, calculated by two different methods. 
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Figure (8): Asymmetric dose profiles of 10 cm × 10 cm (off-set = 7.5 cm) open field, 
calculated by two different methods. 

The comparison between measurements and calculations of doses profiles for asymmetric 
opened fields 6 MV are tabulated in Table (1). 

Table (1) shows the percentage errors for the two methods. The maximum difference of 
method (1) for all depths is 1.01% with standard deviation of 1.22%. In method (2), the 
maximum difference is 1.07% with standard deviation of 1.55%. 

The asymmetric dose profile measurements are compared with the dose profiles 
calculations by method (1) and method (2) from the symmetric field with the same 
dimensions as the asymmetric and included the penumbra region. The asymmetric dose 
profiles calculated with method (1) agree well with measured data. Also the dose profile 
calculations by method (2) are symmetrical with dose profile measurements. 

The agreement between measured and calculated doses compares favorably with method 
(1) presented by Thomas and Thomas and method (2) presented by Lee. Together with wide 
extent of the investigation the results demonstrate the suitability of the algorithm for 
incorporation into a treatment planning system for opened fields. The basic data to be 
measured are the opened POCR and the attenuation coefficients for method (1) and only OAF 
for method (2). 
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Table (1): Mean percentage errors and standard deviations of calculated and 
measured dose profiles for asymmetric opened fields 6 MV. 

 
Field size 6 cm × 6 cm (off-set = 1.5 cm) 

Method(1) Method(2) Depth (cm) 
Aver. Error (%) Deviation (%) Aver. Error (%) Deviation (%) 

dmax 1.01 1.22 1.07 1.55 
5 0.76 1.23 0.64 0.99 

10 0.58 0.74 0.47 0.6 
15 0.69 0.93 0.7 0.94 
 Field size 6 cm × 6 cm (off-set = 4.5 cm) 

dmax 0.78 1.41 0.51 1.06 
5 0.76 1.12 0.94 1.5 

10 0.72 0.82 0.59 0.79 
15 0.55 0.66 0.45 0.77 
 Field size 10 cm × 10 cm (off-set = 5 cm) 

dmax 0.83 1.04 0.79 1.31 
5 0.59 0.46 0.47 0.57 

10 0.76 0.89 0.58 0.85 
15 0.91 1.15 0.85 1.1 
 Field size 10 cm × 10 cm (off-set = 7.5 cm) 

dmax 0.92 1.68 0.89 1.82 
5 0.54 0.46 0.47 0.56 

10 0.63 0.88 0.51 0.81 
15 0.85 1.28 0.78 1.16 

CONCLUSION 
This study reveals that calculations for asymmetric fields agreed with experimental 
measurements within a maximum variation less than ±1.1% for two methods.   

• The method of Thomas and Thomas is well and exhibits very good accuracy. 

• Lee's method, which is also accurate, has the advantage of using a single equation for 
the whole profile and directly producing. It is also less demanding in the number of 
required data. 

• Using off-axis factors for calculating asymmetric field profiles can be made and used 
in beam library treatment planning systems.  
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