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Summary

 Background The amount of backscattered electrons depends on the thickness of the back-
scattering metal. The electron backscatter increases with the increase in thick-
ness of the metal until a saturation level is reached and thereafter no change in 
scatter enhancement is noticed.

 Aim Electron backscatter effects at metallic interfaces were analysed in this study. High 
energy electron beams ranging from 6 to 20MeV were used.

 Materials/Methods Measurements were carried out with a PTW thin-window parallel plate ioniza-
tion chamber and an RDM-1F electrometer. Thin sheets of aluminium, copper 
and lead were used as inhomogeneities. The chamber was positioned below the 
inhomogeneities with the gantry maintained under the couch.

 Results The electron backscatter factor (EBSF) increases with increase in energy for alu-
minium, copper and lead. With low atomic number materials EBSF increases with 
increase in scatterer thickness and for lead it attains saturation within a few mil-
limetres.

 Conclusions The information from this study could be useful in predicting the increase in 
dose at the metal-tissue interface due to electron backscatter.
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BACKGROUND

The presence of metallic heterogeneities in an 
electron beam increases the dose at the tissue het-
erogeneity interface during radiotherapy due to 
the backscattered electrons [1,2]. These backscat-
tered electrons are expected to affect the charged 
particle equilibrium, and hence the dose distri-
bution in the interface region between two me-
dia [3–6]. The dose at such an interface increases 
with increase in the atomic number of the back-
scattering inhomogeneity and decreases with the 
decrease in incident electron energy [7,8]. A dose 
enhancement of 20% to 60% was reported at tis-
sue-lead interface for therapeutic electron beams 
[9]. The amount of backscattered electrons de-
pends on the thickness of the backscattering met-
al. The electron backscatter increases with the 
increase in thickness of the metal until a satura-
tion level is reached and thereafter no change in 
scatter enhancement is noticed. The quantum of 
electron backscatter is dependent on the electron 
energy at the metallic surface rather than the en-
ergy at the phantom surface [10].

The attenuation of backscatter electrons was 
found to decrease exponentially with depth, dif-
fering considerably from that of the primary elec-
tron beam depth dose pattern. The variation was 
attributed to the differential scattered electron 
energy spectrum at the metallic interface [6]. 
An increase of 7–20% in dose was reported at 
the bone-tissue interface for 15MeV therapeutic 
electron beam [1]. The dependency of electron 
backscatter factor with the mean electron ener-
gy and the backscatter material atomic number 
using semi-empirical depth dose-code EDMULT 
was attempted [11].

Due to the short range of backscattered electrons, 
the increase in dose at the tissue-metal interface 
might result in immediate and late complications. 
The commercially available treatment planning 
systems do not take into account the electron in-
terface effects. Hence, it was felt that a detailed 
analysis of the quantum of electron beam scat-
ter is necessary at different metallic interfaces 
with electron beams used commonly in clinical 
practices. The backward scattering of secondary 
electrons from the metallic inhomogeneities de-
pends on many parameters such as electron en-
ergy, width and thickness of the inhomogenei-
ty, distance from the inhomogeneity, thickness 
of the medium overlying the interface , atomic 
number of the inhomogeneity and the fi eld size 
of the electron beam.

AIM

In this study the backscattering effect of 6–20MeV 
electron beams was investigated using alumini-
um, copper and lead inhomogeneities.

MATERIALS AND METHODS

Electron beam energies of 6, 9, 12, 16 and 20MeV 
from a Clinac 1800 (Varian Associates, Palo Alto, 
CA, USA) linear accelerator were used in this study. 
All ionometric measurements were carried out with 
a PTW thin-window, parallel plate ionization cham-
ber (B23344-036), which has a sensitive volume of 
0.2cc and an electrode separation of 1.5mm. The 
resultant ionization was recorded using an RDM-
1F electrometer (Therados) with a digital readout. 
The charge measurements were carried out with a 
positive 400V bias voltage. Chamber sensitivity and 
linearity were checked prior to the measurements. 
The charge readout dosimetry system was found 
to have negligible polarity and ion recombination 
effects. The parallel plate chamber was positioned 
in a clear polystyrene phantom of 25×25cm2 that 
was machined to provide a close fi t for both the 
chamber and the sleeve. All the measurements were 
made with a standard electron cone of 10×10cm; 
fi tted with manufacturer provided 4×4cm2 tung-
sten cut-out. Chamber reproducibility was found 
to be within 0.2% and there was no leakage cur-
rent observed during the measurements. The over-
all measurement uncertainty is within 1%.

During the measurements the front window of 
the parallel plate chamber was maintained at 1cm 
depth in the polystyrene phantom for 6 and 9MeV 
and at 2cm depth for 12, 16 and 20MeV electron 
energies. The chamber front window was posi-
tioned at 100cm focus-to-surface distance (FSD) 
with the gantry maintained under the couch at 180° 
for the measurement of the dose at the metal-poly-
styrene interface. The parallel plate chamber front 
window was placed close to the metallic inhomo-
geneity. Varying thickness of high-purity alumini-
um (Z=13), copper (Z=29) and lead (Z=82) sheets 
were placed between the chamber and the polysty-
rene phantom at 20cm thickness (Figure 1).

The dose above or below the metallic inhomoge-
neity can be found out by multiplying the dose 
in the homogeneous phantom with the forward 
or backscatter dose factors for a photon beam 
[12,11]. On a similar basis the electron backscat-
ter factor can be defi ned as

EBSF=Di/Dh (1)
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where Di is the dose at the interface between 
the metallic inhomogeneity and the polystyrene 
phantom, and Dh is the dose at the same point 
in the homogeneous polystyrene phantom ma-
terial without metallic interface. Since the meas-
urement conditions for both cases were similar, 
the dosimeter dependent factors and the meas-
ured charge infl uencing factors are the same. 
Hence, the equation for EBSF is reduced to the 
ratio of the charges measured and can now be 
written as

EBSF=Qi/Qh (2)

where Qi is the measured charge at the metal-
phantom interface and Qh is the charge at the 
same point within the phantom without the me-
tallic inhomogeneity. EBSF was also calculated 
based on the empirical formula [11]

EBF (Z)=A–B[exp(-kZ)] (3)

where the equation parameters A, B and k are 
coeffi cients which depend on the electron en-
ergy at the scatter surface, and Z is the atomic 
number of the scatterer.

The electron energy at the scatter surface can be 
evaluated from equation [5]

Em=E0(1-z/Rp) (4)

where E0 is the initial energy, Rp is the practical 
range and ‘z’ is the depth in the phantom.

RESULTS

Electron backscatter factor (EBSF) variation 
for varying thickness of aluminium, copper and 
lead inhomogeneities is shown in Figures 2A, 
2B and 2C. For all the energies studied, EBSF 
increases initially reaching the saturation val-
ue and thereafter remains almost constant. It 
can be noticed that EBSF reaches the satura-
tion value within a few millimetres of the lead 
inhomogeneity for all the electron energies 
studied. The metallic inhomogeneity thick-
ness at which the saturation value of EBSF is 
reached seems to depend on the atomic number 
of the inhomogeneity. EBSF attains the satura-
tion value at lesser thickness for higher atom-
ic number inhomogeneities as reported earli-
er [2,5,6,10,13].

Figure 1. Experimental setup showing the measurement of electron backscatter factor using parallel-plate chamber with the gantry 
positioned under the couch.
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The thickness at which the saturation value of 
EBSF was produced was found to be dependent 
on the nominal electron energy at the phantom 
surface. For 6MeV electron the saturation is at-
tained at less than 1mm itself, whereas for 16MeV 
and 20MeV electrons EBSF becomes constant be-
yond 6mm. The amount of backscattered dose 
contribution is more for all the energies with 
high-Z (lead) inhomogeneity. It has been found 

that the increase in dose is about 61% for 6MeV, 
44% for 12MeV and about 33% for 20MeV elec-
trons with lead inhomogeneity at saturation lev-
el (Figure 2C). Though the trend in variation of 
EBSF is similar for aluminium and copper inho-
mogeneities, the amount of scatter signifi cant-
ly decreases (Figure 2A and 2B). The maximum 
increase in dose is only 12.5% and 28% for alu-
minium and copper, respectively, for 6MeV elec-
trons, and the corresponding variation is 5.5% 
and 12% for 20MeV electrons.

The measured value of EBSF coincides with that 
of EBSF calculated (Figure 3) using equation (4) 
for all the inhomogeneities at all electron ener-
gies studied. The graph indicating the variation 
of EBSF with energy shows higher slope for lead 
inhomogeneity compared to that of copper and 
aluminium inhomogeneity (Figure 4). Hence, the 

Figure 2A–C. Variation of electron backscatter factors for 
10×10cm2 fi eld size at 100cm FSD for 6, 9, 12, 16 and 20MeV for 
(A) aluminium, (B) copper, (C) lead.
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Figure 3. Measured and calculated electron backscatter for 
various inhomogeneities plotted as a function of mean energy at 
the phantom surface.
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Figure 4. Variation of electron backscatter factor as a function of 
mean energy at the phantom surface.
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variation of EBSF with lead inhomogeneity could 
be used to specify the quality of electron beam.

DISCUSSION

The increase in dose at the inhomogeneity is 
due to the backscattered electrons. Though 
the bremsstrahlung radiation produced due to 
the slowing down of secondary electrons can 
add to an increase in dose, its amount will be 
minimal, and hence it can be neglected. The 
amount of backscattered secondary electrons 
contributing to the increase in dose increases 
as the thickness of the inhomogeneity increas-
es. EBSF reaches the saturation value when the 
thickness of the embedded inhomogeneity in-
creases beyond the range of the backscattered 
electrons. Since the scattering cross section is 
more with high-Z materials for electrons, the 
minimum thickness of the inhomogeneity to 
produce the saturation value of EBSF is less 
for high-Z metals compared to the low-Z inho-
mogeneities.

CONCLUSIONS

Since the factors affecting EBSF at the interface 
are energy dependent, it is expected that the var-
iation in EBSF will also be sensitive to beam ener-
gy. Hence the measurement of EBSF with high-Z 
inhomogeneity can be a measure of nominal elec-
tron beam energy. For clinical use the increase 
in dose at the metallic interface can be calculat-
ed by the simple empirical formula [11], which 
is quite accurate.
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