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Abstract  

Introduction : Radiotherapy uses high-energy radiation to shrink tumors and kill cancer cells. The radiation may be 
delivered by a machine outside the body (external-beam radiation therapy), or it may come from radioactive material 
placed in the body near cancer cells (brachy therapy). Many types of external-beam radiation therapy are delivered using 
a machine called a linear accelerator (also called a LINAC). The process of commissioning a linac for clinical use 
includes comprehensive measurements of dosimetric parameters that are necessary to validate the treatment planning 
systems used to select optimal radiation modality and treatment technique for individual patients. In the present study, 
clinically pertinent data for both the available photon and electron energies were investigated. Methods: For making 
measurements in water, a three dimensional radiation field analyzer RFA-300 (Scanditronix Wellhofer) and for absolute 
dosimetry and other measurements like relative output factors, wedge factors etc., a DOSE1 electrometer (Scanditronix 
Wellhofer) in a white polystyrene were employed. Results: The percentage depth dose data, wedge factors, output 
factors and cross beam profiles have been measured and compared with the other studies for photon beams and isodose 
plots, virtual source to surface distance, uniformity index for electron beams. Conclusion: All these measured data were 
utilized as input to the ECLIPSE treatment planning system for further clinical use. The characteristics of the electron 
beams are found to follow the trends experimentally observed by others, generally found to be different from the others 
theoretically predicted and depend on the model of the machine. 
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................................................................................................................................................................................................ 

Introduction 

The Radiotherapy linear accelerator (LINAC) 
customizes high energy x-rays to conform to a tumor’s 
shape and destroy cancer cells while sparing 
surrounding normal tissue. It features several built-in 
safety measures to ensure that it will not deliver a 
higher dose than prescribed and is routinely checked by 
the medical physicist to ensure it is working properly 
[1]. The Clinac-DHX dual photon energy medical linear 
accelerator manufactured by Varian Associates (Palo 
Alto, CA) produces five electron beams of nominal 
energies 6, 9, 12, 16 and 20 MeV along with dual 
photon energies 6 and 18 MV. Since commissioning 
beam data are treated as a reference and ultimately used 
by treatment planning systems, it is vitally important  
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that the collected data are of the highest quality to avoid 
dosimetric and patient treatment errors that may 
subsequently lead to a poor radiation outcome. Beam 
data commissioning should be performed with 
appropriate knowledge and proper tools and should be 
independent of the person collecting the data [2]. 
 
High-energy photon beams from different accelerators 
of the same nominal energy may have different 
dosimetric characteristics due to differences in target 
and flattening filter materials, accelerator guide and 
collimator designs. Clinically pertinent data for both the 
available photon energies were measured [3-5].   
 
There are five electron cones made of aluminium with 
six inserts (low melting alloy) supplied by the 
manufacturer, which define electron field sizes of  4 x 
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4, 6 x 6, 10 x 10, 15 x 15, 20 x 20 and 25 x 25 cm2
 at 

isocenter  (SAD=100 cm). The electron cone is attached 
to the machine head using a detachable collimator tray. 
There would be a gap of 5 cm from the distal end of the 
cone to the isocenter. The electron beam characteristics 
are not similar for all linear accelerators of the same 
manufacturer and even for the same type of machines 

[6-8]. The work has been done to study the 
characteristics of the photon and electron beam for all 
the energies and for all field sizes. The characteristics 
include central axis depth dose, beam profile, isodose 
plots, virtual source to surface distance, uniformity 
index and penumbra at nominal source to surface 
distance (SSD) of 100 cm.  

Materials and Methods 

The measurements in water was executed in a three dimensional radiation field analyzer RFA-300 (Scanditronix 
Wellhofer), using either solid state detectors or RK type ionization chamber were utilized. For absolute dosimetry and 
other measurements like relative output factors, wedge factors etc., a DOSE1 electrometer (Scanditronix Wellhofer) in a 
white polystyrene phantom were employed.  
 
The central axis percentage depth doses were measured at 100 cm SSD for field sizes from 3x3 to 40x40 cm2. Isodose 
curves were plotted for the available field sizes up to 35x35 cm2 for open portals and up to the width of 15 cm for the set 
of four wedge filters. Isodose plots were drawn using ionization chamber in the RFA system at the source to water level 
distance of 100 cm. Relative output factors for all possible field sizes were measured using a FC65-G farmer type 
ionization chamber in a white polystyrene phantom at dmax relative to the 10x10 cm2 field. Similarly, wedge factors for 
the four set of physical wedges and for the EDW for both the energies were found out by making measurements for the 
wedged field and open field at dmax of 1.5 cm and 3.3 cm respectively, and taking the ration of these measurements. Field 
flatness and symmetry of the 6 and 18 MV photon beams were found out by measuring inplane, cross plane and in 
diagonal plane beam profiles for the depth of dmax, and 10 cm.  
 
The correction factor for perspex tray attenuation was measured by using FC65-G farmer type ionization chamber in a 
white polystyrene phantom at 10 cm depth by taking the ratio of meter reading with out and with tray. Block 
transmission factor was found out by the ratio of fully blocked for a field size of 3x3 cm2 meter reading to the blocking 
tray alone. Similarly MLC transmission factors found out by closing both A and B bank of MLC’s. 
 
For electron dosimetry, a water proof high-doped p-type silicon diode (Scanditronix Wellhofer AB EFD-3G) was used to 
measure both Percentage depth dose (PDD) and Beam Profile (BP). The diode centre was aligned to the radiation field 
centre. The thickness of the silicon chip was 0.5 mm and the diameter of the active area was 2 mm. The nominal source 
to surface distance of 100 cm was kept at 0.5 mm (effective point of measurement) of the diode. The reference diode was 
mounted in the corner of the electron applicator. Signal gain of the field analyzer unit was adjusted to the level of 
maximum stability and the speed of the detector movement was kept at its minimum to avoid any back slash. Electron 
depth dose measurements were measured for six field sizes ranging from 4x4 to 25x25 cm 2

 for the six available energies 
at SSD=100 cm. Beam profiles along the central axis were measured in water at the depth of dose maximum with a 
penumbral margin 5 cm on both sides for all the field sizes and electron energies. Field flatness and symmetry was 
measured for all standard applicators at SSD=100 cm. All measurements were obtained with the detector always moving 
form deeper to shallow depth. Isodose curves along the central axis were generated by the Omni Pro Accept software 
using the PDD and Beam profile data’s. The beam profiles measured at six depths R100, R90, R80

, R50, Rp and Rt used as a 
input parameters to generate isodose curves according to the Bently beam model [9].  
 
The characteristic parameters of the electron beam as defined by AAPM Task Group 25’s 1990 report [7] and ICRU 
Report # 35[1]. 
 

1.  Range parameters 
R100  =      Depth of maximum dose. 
R90   =      Depth of 90% dose beyond the dose maximum 
R80   =      Depth of 85% dose beyond the dose maximum 
Rp   =     Depth at which the tangent at the 50% dose point intercepts the extrapolated photon dose: known as the 
         practical range. 
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2. Dose along the central axis 
The following parameters were first defined by Brahme and Svenssen3 and later adopted by ICRU4.  
G            =  normalized dose gradient, the measure of the steepness of the absorbed dose distribution  
Ds/Dm     =  ratio of the surface to maximum dose, surface dose is measured at 0.5mm. 
Dx/Dm  =  ratio of the extrapolated photon dose to the dose maximum, the photon background Dx is defined as an  
   extrapolation of the tail of the absorbed dose distribution back to the practical range. 
 
3. Energy parameters 
E o               =    mean beam energy at the surface. 
Ep, o            =    most probable beam energy at the surface. 
Eo            =   single energy value of the electron beam at the surface assuming that the total energy loss in layers traversed 
 by the beam is small5. 
 
Range parameters are measured from the central axis depth dose curves and the dosimetric parameters were derived from 
the isodose plots.  Employing the inverse square law method, distances of the virtual source positions8 from the isocenter 
were found out for all the available electron applicators and fields sizes.  

Results and discussion 

Photon beams: For 6 MV and 18 MV photons, the ionization ratios were found to be 0.6685 and 0.7810 respectively. 
The PDD data is presented in Table 1 for 10x10 cm2 field size for 6 MV photons. Comparative PDD data from other 
studies for 6 MV photon beams [12-16] is also presented in these tables. There is no significant change of PDDs when 
compared with the similar machines from the same manufacturer. The relative output factors have been shown in 
Table.2.  

Table-1: Percentage depth dose values for 6 MV X-rays from various accelerators, SSD -100 cm, field size – 10 x 
  10 cm2  

 Machine 
Depth(cm) 
in water 

Mevatron4 

VI 
Philips5 

SL-25 
Leung6 Clinac7 

2500 
 

BJR -173 
Present 
Study 

1.5 100.0 100.0 100.0 100.0 100.0 100.0 

2.0 99.0 99.4 99.0 98.0 98.1 99.1 

3.0 95.5 95.5 95.0 94.1 94.0 65.3 

4.0 91.5 91.5 91.0 90.4 90.8 91.2 

5.0 87.5 87.0 86.5 86.8 87.3 86.8 

6.0 83.0 83.0 82.5 82.5 83.5 82.7 

7.0 79.0 79.2 78.5 78.4 79.2 78.5 

8.0 75.0 75.5 74.5 74.5 75.2 74.6 

9.0 72.5 71.7 70.8 70.7 71.3 70.7 

10.0 68.5 68.1 67.0 67.0 67.7 67.1 

11.0 65.5 64.6 63.5 63.7 64.2 63.6 

12.0 61.5 61.2 60.0 60.5 60.9 60.3 

13.0 58.0 58.0 57.0 57.4 57.8 57.1 

14.0 55.0 55.0 54.0 54.4 54.8 54.0 

15.0 52.5 52.2 51.3 51.6 52.0 51.1 

16.0 49.0 49.3 48.5 48.8 49.4 48.2 

17.0 46.5 46.7 46.0 46.2 46.8 45.5 

18.0 44.0 44.2 43.5 43.6 44.4 43.1 

19.0 42.0 41.9 41.3 41.2 42.1 40.6 

20.0 40.0 39.7 39.0 38.8 40.0 38.6 
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Table-2: Relative output factors for 6 and 18 MV X-rays. 

Field Size cm2 Beam type 

6 MV 18 MV 

3x3 0.882 0.832 

4x4 0.918 0.897 

5x5 0.943 0.928 

6x6 0.957 0.947 

8x8 0.977 0.982 

10x10 1.000 1.000 

12x12 1.006 1.029 

15x15 1.027 1.054 

18x18 1.035 1.070 

20x20 1.037 1.080 

25x25 1.058 1.093 

30x30 1.064 1.110 

35x35 1.068 1.121 

 
Wedge factors for 18 MV beam were found to be consistently higher than those of 6 MV photons. Wedge angles 
measured for field sizes of 4x4 to 15x15 cm2 varied from the nominal values of 15º, 30º, and 45º by ± 3º, and for a 60º 
wedge the maximum variation was found to be -7º for a 4x4 cm2 field of 6 MV photons [17,18].  
 
The cross beam profile for the field size of 6x6 cm2, 10x10 cm2, 15x15 cm2, 20x20 cm2 is shown in Fig.1. for 6 MV X-
rays. The isodose plots are shown in Fig. 2 for the field size of  10 x 10 cm2.  
 

 

Fig.-1: Cross beam profiles for the field size of 6x6 cm2, 
10x10 cm2, 15x15 cm2, 20x20 cm2 for 6 MV X-rays. 
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Fig- 2: Isodose plots of 6 MV photon beams for a field size of 10 x 10 cm2 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig-3: Percentage depth dose curve for a 20 MeV electron beam for various field sizes. 
 
Electron beams: The percentage depth dose curve for a 20 MeV electron beam for the field sizes ranging from 4x4 cm2 

to 25x25 cm2 are shown in Fig.3. Derived quantitative depth dose parameters are shown in Table 3. The central axis 
depth dose distribution shows a noticeable dependence on the field size, especially for the field sizes smaller than the 
practical range of that energy. At lower energies the depth dose change was less with decreasing field size than at higher 
energies. In a narrow beam geometry, most of the incident electrons are scattered out of the central axis and the dose 
fall’s rapidly with depth, as the field size is increased, more electrons are scattered from the edges of the irradiated 
volume toward the central axis and the depth dose increases gradually with field size, until the field dimensions become 
comparable to the maximum range of electrons which in practice is represented by Rp.   
 
The range parameters depend on the field size for beam widths smaller than 15x15 cm2 and beam energies higher than 12 
MeV, except R10 and Rp. For large field sizes, the range parameters are all independent of the field size and increase with 
increasing beam energy. The R10 and Rp parameters are increasing function of the beam energy and do not depend on 
the field size. The flatness and symmetry profiles were evaluated based on International Electrotechnical Commission 
(IEC) specifications [6]. The value of dose gradient is a good measure of the quality of the beam flattening and 

60 25 35 45 75 
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collimator system. A lower limit of G = 2.3 has been suggested for electron beams with mean energy of 5-30 MeV [23, 
24]. This criterion was met for all the beam energies from 10x10 cm2 and above field sizes. For 4x4 cm2 field size the 
value was less for 16 and 20 MeV electron energies. For 6x6 cm2 field size the value was less only for 20 MeV electron 
energy. For 20 MeV electron energy the value of G is found to be little less than that of other energies. For smaller beam 
width G depends on both beam energy and field size. The smaller value of G at higher energies may be attributed due to 
the loss of electronic equilibrium, since the range of these electrons is larger than the field size. 
 
Nominal beam energy supplied by the manufacturer was found to be more consistently near to the most probable energy 
at the surface (Epo), which was derived from the range-energy relationship. Table 3 contains the values derived from the 
range parameters for   mean energy at the surface (Eo), for the single value of the electron beam at the surface (E0) 
assuming that the mean energy loss in layers traversed by the beam is small, and the most probable energy at the 
phantom surface (Epo). The values of the effective source to isocenter distances are shown in Table 4. 
 
Table-3: Characteristic parameters of the Varian Clinac-DHX electron beams (a ± 0.2 MeV: b ± 0.05 cm : c ± 

0.1cm : d ± 0.1 :  e ± 1% )    

Cone 
Cm2 

Nominal 
Energy 
MeV 

_ 
Eo

a
 

MeV 

 
Rref

 b
 

cm 

 
R100c  

cm 

 
R90b 
Cm 

 
R85b 
cm 

 
R50b 
cm 

 
R10b 
cm 

 
Rpc 
cm 

 
Dse 
% 

 
Gd 

 6 5.8 1.4 1.4 1..9 2.0 2.5 3.1 3.1 75.8 2.5 

 9 8.4 2.1 2.0 2.8 2.9 3.6 4.4 4.5 82.9 2.7 

4x4 12 11.4 2.8 2.3 3.5 3.8 4.9 6.0 6.2 88.9 2.4 

 16 14.2 3.6 2.1 4.1 4.5 6.1 7.9 8.1 91.9 2.0 

 20 17.0 4.3 1.6 4.6 5.1 7.3 10.1 10.0 93.2 1.8 

 6 5.7 1.4 1.4 1.9 2.0 2.5 3.0 3.1 75.1 2.5 

 9 8.5 2.1 2.2 2.9 3.0 3.6 4.4 4.4 80.0 2.8 

6x6 12 11.8 3.0 2.8 4.0 4.2 5.1 6.1 6.1 86.1 3.0 

 16 15.3 3.8 2.6 4.9 5.2 6.6 8.0 8.1 91.2 2.6 

 20 18.9 4.8 1.9 5.4 6.0 8.1 10.3 10.3 93.3 2.2 

 6 5.6 1.4 1.3 1.8 1.9 2.4 3.0 3.0 76.2 2.6 

 9 8.6 2.1 2.2 2.9 3.0 3.7 4.4 4.5 80.5 2.7 

10x10 12 11.7 2.9 2.9 3.9 4.1 5.0 6.0 6.0 86.2 3.0 

 16 15.4 3.9 3.0 5.1 5.4 6.6 8.0 8.1 91.2 2.7 

 20 19.3 4.9 2.0 5.8 6.4 8.3 10.3 10.1 92.8 2.7 

 6 5.6 1.3 1.4 1.8 1.9 2.4 2.9 3.0 76.4 2.6 

 9 8.5 2.1 2.1 2.8 2.9 3.6 4.4 4.5 81.2 2.7 

15x15 12 11.7 2.9 2.9 4.0 4.2 5.0 6.1 6.1 86.3 2.9 

 16 15.5 3.9 3.0 5.1 5.4 6.6 8.0 8.0 90.8 2.9 

 20 19.5 4.9 2.3 6.0 6.5 8.4 10.3 10.3 92.0 2.5 

 6 5.6 1.4 1.4 1.9 2.0 2.4 3.0 2.9 77.0 2.8 

 9 8.6 2.1 2.2 2.9 3.0 3.7 4.5 4.5 81.3 2.8 

20x20 12 11.9 3.0 2.9 4.0 4.2 5.1 6.2 6.1 87.4 3.0 

 16 15.5 3.9 2.8 5.1 5.4 6.7 8.1 8.0 91.6 2.8 

 20 19.5 4.9 2.4 6.0 6.5 8.4 10.4 10.3 92.1 2.6 

 6 5.7 1.4 1.4 1.9 2.0 2.5 3.0 3.0 77.3 2.7 

 9 8.7 2.1 2.2 2.9 3.0 3.7 4.5 4.5 81.6 2.7 

25x25 12 11.9 3.0 2.9 4.1 4.3 5.1 6.1 6.2 87.2 2.9 

 16 15.7 4.0 3.0 5.2 5.5 6.8 8.1 8.1 90.8 2.9 

 20 19.7 5.0 2.7 6.1 6.6 8.5 10.5 10.3 91.2 2.6 
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20 

50 

70 

90 

Table- 4:  Effective position of the virtual source from the mechanical isocenter of electron beams from Varian   
Clinac-DHX linear accelerator 

 

Energy 

MeV 

Virtual source to surface distance 

cm 

4x4 6x6 10x10 15x15 20x20 25x25 

6 46.29 64.81 82.59 85.79 90.02 90.84 

9 60.59 76.15 85.49 87.39 90.45 91.54 

12 74.69 79.87 84.83 88.23 90.25 91.56 

16 81.06 82.30 83.38 88.67 90.39 92.35 

20 82.24 82.99 82.67 87.53 90.62 92.60 

 
Isodose curves generated for 6 MeV beam energy for 15x15 cm2 cone was shown in Fig. 4. At the central axis the curve 
is flattened and curvature near the field borders. For lower energy beams all the isodose shows some expansion, for the 
higher energies only the lower isodose bulge out.  
 
The higher isodose level tends to show lateral constriction which becomes worse with decreasing field size. Individual 
spread of the isodose curves varies depending upon the isodose levels, energy, field size and collimation. 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Fig-4: Isodose curves for a 6 MeV electron beam for a 
    15x15 cm2 field size drawn parallel to the beam axis. 

 
An acceptable lower limit of 0.7 for the uniformity index has been suggested for the therapeutic electron beams with field 
sizes larger than 10x10 cm20.  
 
The values obtained fulfill the criterion in this case of Clinac DHX beams. For field sizes 4x4 cm2 and 6x6 cm2 the value 
was found to be between 0.4 and 0.6.  
 
The results are presented in Table 5. Generally uniformity index increase with increase in field size. The measured 
penumbra values are shown in Table 6.  
 
The results show that the measured penumbra is almost independent of energy and shown as increasing trend with field 
size to some extent. The values are in the range of 0.9 to 1.1 cm [20].  
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Table-5: Flatness and symmetry for the Varian Clinac-DHX electron beams (  a ≤ 2% ;  b ≤ 1 cm) 

Cone 
 

Nominal energy 
MeV 

Symmetrya 

% 
Flatnessb 

cm 
 6 100.2 0.79 

 9 100.2 0.78 

4x4 12 100.4 0.63 

 16 100.8 0.44 

 20 100.1 0.28 

    

 6 100.5 0.84 

 9 100.3 0.89 

6x6 12 100.4 0.87 

 16 100.5 0.55 

 20 100.8 0.31 

    

 6 101.2 0.83 

 9 100.6 0.81 

10x10 12 101.2 0.91 

 16 101.2 0.71 

 20 101.7 0.36 

    

 6 100.6 0.82 

 9 100.5 0.76 

15x15 12 100.4 0.92 

 16 100.6 0.66 

 20 100.6 0.36 

    

 6 100.5 0.73 

 9 100.5 0.78 

20x20 12 100.6 0.75 

 16 100.6 0.52 

 20 100.8 0.35 

    

 6 100.5 0.74 

 9 100.8 0.89 

25x25 12 101.2 0.82 

 16 100.6 0.57 

 20 101.4 0.49 

                            
The characteristic parameters derived from the PDD curves are then compared to corresponding values for other Varian 
accelerators [21, 22]. The field size dependence of depth dose parameters observed by other investigators [21] are also 
been compared with our results.  
 
The flatness and symmetry evaluated based of IEC specification were met by each electron beam for each applicator size. 
The values of relative surface dose are with in the range of surface doses reported for other therapy accelerators.  
 
These values are however, higher then those predicted theoretically for broad mono-energetic, mono-directional beams.  
 
This may be because of the energy and angular spread of the primary electrons incident on the phantom surface.  
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Table-6: Uniformity index and penumbra for the Clinac-DHX electron beams (  a ± 0.05 ,   b ± 1mm) 

Cone 
 

Nominal energy 
MeV 

U90/50 

 

P80/20 

cm 
 6 0.37 1.09 

 9 0.39 1.05 

4x4 12 0.42 0.98 

 16 0.43 0.94 

 20 0.43 0.91 

    

 6 0.47 1.10 

 9 0.51 1.04 

6x6 12 0.52 1.03 

 16 0.54 1.02 

 20 0.56 1.02 

    

 6 0.66 1.16 

 9 0.69 1.09 

10x10 12 0.68 1.09 

 16 0.69 1.11 

 20 0.68 1.11 

    

 6 0.75 1.10 

 9 0.79 1.00 

15x15 12 0.77 1.05 

 16 0.79 1.11 

 20 0.79 1.11 

    

 6 0.80 1.18 

 9 0.84 1.13 

20x20 12 0.85 1.11 

 16 0.85 1.08 

 20 0.84 1.09 

 
Summary: Clinically pertinent data for the photon and electron beams from the Clinac– DHX were measured and 
compared with similar beams available on other units. The central axis depth dose data are comparable to the averaged 
data of BJR supplement 17 for 6 and 18 MV X-rays, perhaps because of the use of the same material in the target and 
flattening filter in these accelerators. Wedge angles do not match with the specified angles, especially in the case of 
larger angle wedges, perhaps due to the beam flatness, whish changes with the increasing field from middle trump to 
outer horns.  
 
These results may be helpful in bringing home the point that the beams even from the same type of machines may be 
quite different and individualized measurements must be carried out for each of the available energies from each such 
unit. All these measured data were utilized as input to the ECLIPSE treatment planning system for the clinical use. 
 
The characteristics of the electron beams are found to follow the trends experimentally observed by others, generally 
found to be different from the others theoretically predicted and depend on the model of the machine.  
 
The uniformity index, penumbra, flatness and symmetry are well within the limits except for smaller field sizes. Thus the 
electron beam characteristics may vary from machine to machine and must be ascertained individually. 
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