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The effective electron source positions for the standard electron cones and for the shielded field

sizes with cerrobend inserts were measured based on Inverse Square Law (ISL) and the Inverse Slope

(IS) method for various electron energies.

The charge measurements were carried out using a 0.6 cc ion chamber (PTW, Type 30001)

connected to a PTW Unidos E digital electrometer in a polystyrene phantom for electron beam

energies of 6-18 MeV. The resultant charge for 100 MU setting was measured at nominal source to

surface distances (SSDs) of 100-120 cm for cone and cerrobend defined field sizes.

The effective SSD (SSDeff) was found to be different for the same field size defined by electron

applicator and the cerrobend shield placed in 25×25 cm standard cone. Strong dependency of SSDeff

with field size and electron beam energy was noticed.

The results from the ISL and IS method are consistent, hence either of the two methods can be

used to determine the effective source position. Whenever treatment is to be given with shielded

electron portal, the SSDeff for that field needs to be determined. Same SSDeff as that of the standard

cone can be used for minimum shielded electron portals.
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Introduction

The superficial and shallow tumors are usually treated with cerrobend shielded electron

beams. The irregular field defining inserts are placed at the distal end of the electron

applicators. Due to the curved and irregular body surfaces, most of the patients are

treated at an extended source-to-surface distances (SSDs). When the treatment is

delivered at an extended distance, the electron output and the percentage depth dose

needs to be corrected based on inverse square law from the electron source position. As

the electron beam emerging from an accelerator exit window undergoes complex

multiple scattering in the scattering foil, the beam monitor chambers, the X-ray

collimators, electron applicators, field defining inserts and air column, the position of

scattering foil can not be considered as a nominal source position and the output

corrected accordingly. In such cases the output can be predicted accurately assuming

the effective or virtual source position and the inverse square law applied to the effective

SSD. The International Commission on Radiation Units and Measurements (ICRU)

defines [6] the effective source as the source which when placed in vacuum at some

distance SSD from the phantom surface (Z=0) produces the same electron fluence at

Z=0 as the real beam. The effective SSD is the distance between the effective source

positions to the patient skin surface. It is a function of beam energy, field size and the

method of collimation [2, 7-9, 11].

Though the effective point source position can be estimated using Full-Width Half

Maximum (FWHM) method [5, 8, 10] and the Multi Pin-hole Camera (MPC) method

[13], the results from these measurements are consistent only for large fields and for

energies greater than 15 MeV [7]. The Inverse Square Law (ISL) method [1], the Inverse

Slope (IS) method [9] and the Power Law (PL) method [15] are usually the preferred

methods as they simulate the clinical conditions encountered. It was reported that the

results obtained from the ISL method are consistent with those based on PL method for

all electron energies and field sizes [7].

As the scattering and the field defining geometry vary with different accelerators, the

effective position of the source must be determined for each individual accelerator [3-4,

7, 9, 12, 14, 17]. In the present study the effective electron source positions were

determined for field sizes defined by the standard electron cones supplied by the

manufacturer and for the shielded field sizes with cerroband inserts in the standard cone

for various electron energies.
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Materials and methods

The study was carried out with electron beams of nominal energies 6, 8, 10, 12, 15

and 18 MeV from Mevatron KDS (Siemens, Germany) linear accelerator at a dose rate of

300 MU/min. The standard applicators supplied by the manufacturer can define

a circular field of 5 cm diameter and a square field of 10×10 cm to 25×25 cm at

isocenter with the photon jaw settings as shown in Table 1. Shielded Circular field

of 5 cm diameter and the square field sizes of 10×10, 15×15 and 20×20 cm were

machined for the 25×25 cm standard applicator.

Table 1. The collimator jaw settings for different standard applicators

Applicator

size

[cm2]

Collimator opening [cm2] for electron energy [MeV]

6 8 10 12 15 18

5� 13×13 13×13 13×13 13×13 13×13 13×13

10×10 19×19 19×19 19×19 19×19 19×19 19×19

15×15 23×23 23×23 23×23 23×23 23×23 23×23

20×20 27×27 27×27 27×27 27×27 27×27 27×27

25×25 32×32 32×32 32×32 32×32 32×32 32×32

The charge measurements were carried out using a 0.6 cc Farmer type ion

chamber (PTW, Type 30001) connected to a PTW Unidos E digital electrometer at a bias

voltage of +400 V. The chamber was positioned with its effective point of measurement

(0.5 r upstream from the center towards the source) at the depth of maximum in

a 30×30×30 cm3 Water equivalent RW3 slab phantom (PTW T29672). The resultant

charge for 100 MU setting was measured at nominal source to surface distances (SSDs)

of 100, 105, 110, 115 and 120 cm. To find out the SSDeff based on inverse square law

method [1] a plot was made between the nominal SSD and the square root of the

inverted charge for each energy and field size combinations. If the data forms a straight

line, the inverse square law (ISL) is applicable and if the straight line passes through

zero, the effective source is at the same position as that of the scattering foil (100 cm).
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The extrapolation of the curve back to the abscissa yields the effective source position.

The straight line with a positive intercept indicates that the effective source is

downstream the scattering foil while a negative intercept implies that the source is

upstream the scattering foil. The effective SSD was also evaluated based on Khan's [9]

inverse slope method, for which a graph was drawn with the square root of the charge

ratio,
Q
Qg

0 , on y-axis where Q0 is the collected charge with no air gap (100 cm nominal

SSD) and Qg is the collected charge with air gap g, and air gap g on x-axis. When a least

square fit is drawn to the graph the slope of the resulting line is the reciprocal of the

SSDeff+dmax. Hence the effective SSD can be obtained from an equation

SSD = 1
slope

� dmax . (1)

Results

The graphs drawn between the nominal SSD and the square root of the inverted charge

for 6, 12 and 18 MeV electron energies for 5 cm diameter and 20×20 cm standard cones

are shown in Figures 1a and 1b. The straight line with a positive intercept in Figure 1a

indicates that the effective source is downstream the scattering foil with SSDeff less

than 100 cm, and the negative intercept in Figure 1b implies that the source is upstream

with SSDeff greater than 100 cm. The plot made between the square root of the charge

ratio,
Q
Qg

0 , and air gap g for 8, 10 and 15 MeV electron energies for 5 cm diameter and

20×20 cm standard cones are shown in Figures 2a and 2b. The slope for the resulting

straight line is obtained and the SSDeff evaluated using equation (1). The measured

effective SSDs using ISL and IS method for the standard cones supplied by the

manufacturer and the cerroband cut-out defined field sizes are shown in Tables 2 and 3

for various electron energies. The SSDeff was found to change with electron energies and

the standard applicator (Figure 3). The effective SSDs for the cutout defined fields in

a 25×25 cm cone were noticed to differ from that of the standard 25×25 cm cone

dimension (Figure 4).
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Figure 1. Variation between the nominal SSD and the square root of the inverted charge for

6, 12 and 18 MeV electron energies for: a) 5 cm diameter and b) 20 cm square standard

cones.
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Figure 2. Variation between the square root of the charge ratio and air gap g for 8,10 and 15

MeV electron energies for: a) 5 cm diameter circular and b) 20 cm square standard

cones.
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Figure 3. Variation of SSDeff for standard cones at different electron energies.

Figure 4. Variation of SSDeff for cerrobend defined fields at different electron energies.
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Table 2. The measured effective SSDs using Inverse Square Law (ISL)

and Inverse Slope (IS) methods for standard applicators

Applicator

size

[cm2]

Electron energy [MeV] and methods for standard applicators

6 8 10 12 15 18

ISL IS ISL IS ISL IS ISL IS ISL IS ISL IS

5� 43.1 42.1 56.2 55.6 65.1 63.5 69.6 68.3 77.7 75.8 72.9 74.5

10×10 84.9 84.2 92.9 91.3 97.2 96.5 98.5 97.9 101.7 99.34 101.9 100.7

15×15 97.2 97.3 103.7 100.6 103 102.6 108.2 107.1 111.3 107 108 106

20×20 103.2 101.9 106.6 103.3 109.8 105.5 108.9 107.6 110.4 107.9 107.7 106.7

25×25 105.1 103.7 105.8 104.4 106.8 106.6 108.9 107.1 104.7 102.1 101.2 101.1

Table 3. The measured effective SSDs using Inverse Square Law (ISL)

and Inverse Slope (IS) methods for Cerroband insert cut-out fields

Applicator

size

[cm2]

Electron energy [MeV] and methods for insert cutout fields

6 8 10 12 15 18

ISL IS ISL IS ISL IS ISL IS ISL IS ISL IS

5� 57.3 57.5 70.4 69.3 78.4 76.2 84.9 81.8 81.8 80.4 82.7 81.6

10×10 96 95.2 94.6 94.4 97.3 97.1 95.8 96.6 87.5 86.1 87.7 86.6

15×15 105.8 105.5 105.2 105 108.9 105.9 110.3 107.5 108.1 107.6 109.1 105.5

20×20 110.2 107.4 109.9 108.1 111.2 110.3 114 111 110.8 111.3 107.5 105.9



Discussion

The results based on ISL and IS method for the estimation of SSDeff shows a strong field

size and energy dependency (Table 2 and 3). For smaller field sizes the SSDeff are much

lesser and this is due to the lack of side scatter equilibrium [9, 11, 16]. For higher energy

electrons (beyond 12 MeV) the 5 cm shielded circular field has higher SSDeff value

compared to that of low energy electrons and this could be attributed due to the presence

of less side scattering and more forward scattering. Since the side scatter equilibrium

exists for larger field sizes, no variation in effective SSD is noticed for field sizes greater

than 15×15 cm. The change in SSDeff values for the same field opening with the

standard applicator and the field defined by the insert in a larger applicator could be due

to the difference in scattering pattern arising from the photon collimators and the

electron cones. As the photon collimator opening is more for 25×25 cm applicator

(32×32 cm) compared to that of the other applicators, there exists more scatter from the

larger surface area of the collimators towards the central axis resulting in higher fluence.

The results from the ISL and IS method are quite consistent within acceptable limits,

either of the two methods can be used to determine the effective source position.

Conclusion

The effective SSD (SSDeff) varies considerably between the applicator and cutout defined

fields. Whenever treatment is to be given with shielded electron portal, the SSDeff for that

field needs to be determined. However when the treatment portal with minimum

shielding in a large standard applicator is used the same SSDeff of the standard applicator

can be used to find out the correction factors.
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