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Abstract:  
           Treatment with megavoltage electron beam is ideal for irradiating shallow seated 
tumors because of their limited range in tissues.  However, the treatment of extended areas 
with electrons requires the use of two or more adjacent fields. 
 
 Variations may arise at the junction of the fields.  These dose variations come from 
the presence of large bulges in the low value isodose curves created by electron beam 
divergence and lateral scattering in tissues. Overlapping of these bulges, creates a high dose 
region at depths. While constriction of the isodose curves near the surface may produce a 
low-dose region, depending critically on the fields separation.  To overcome this problem, 
several authors have proposed techniques for matching electron beam edge in such a way as 
to make the overlap region as uniform as possible. 
 
               The simplest approach to the problem is to optimize the skin gap between the two 
adjacent electron field edges. The increased lateral scatter of low-energy electrons and the 
machine specific characteristics of an electron beam penumbra make the determination of an 
optimized skin gap somewhat complicated.  Optimization is achieved by a complete set of 
trial and error measurements.  
 
              The main limitation to the usefulness of the optimized skin gap technique is the 
strong sensitivity of the dose distribution in the field junction region to small deviation in 
field separation or in the angulation of the incident electron beams, making it strongly 
dependent on positioning. 
The present study is done at electron beam energies of 6, 8, and 15 Mev. The method depends 
on the abutment of different field areas using beam edge modifier  ) Penumbra Generator) 
made of cerrobend. 
 
           The objectives of this study are to present a systematic study of the modified electron 
field for better under standing of the behavior and physical characteristics of the penumbra 
generator, and to investigate the feasibility of using this technique for large electron fields. 
Also to obtain a quantitative indicator of the dose uniformity in the junction region and 
optimizing the field separation. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 Introduction   
           Treatment with megavoltage electron beam is ideal for irradiating shallow 
seated tumors because of their limited range in tissues.  However, the treatment of 
extended areas with electrons requires the use of two or more adjacent fields. 
 Variations may arise at the junction of the fields.  These dose variations come 
from the presence of large bulges in the low value isodose curves created by electron 
beam divergence and lateral scattering in tissues. Overlapping of these bulges, creates 
a high dose region at depths. While constriction of the isodose curves near the surface 
may produce a low-dose region, depending critically on the fields separation.  To 
overcome this problem, several authors have proposed techniques for matching 
electron beam edge in such a way as to make the overlap region as uniform as 
possible. 
               The simplest approach to the problem is to optimize the skin gap between 
the two adjacent electron field edges. The increased lateral scatter of low-energy 
electrons and the machine specific characteristics of an electron beam penumbra make 
the determination of an optimized skin gap somewhat complicated.  Optimization is 
achieved by a complete set of trial and error measurements.  
              The main limitation to the usefulness of the optimized skin gap technique is the strong 
sensitivity of the dose distribution in the field junction region to small deviation in field separation or in 
the angulation of the incident electron beams, making it strongly dependent on positioning. 
The present study is done at electron beam energies of 6, 8, and 15 Mev. The method 
depends on the abutment of different field areas using beam edge modifier 
)Penumbra Generator) made of cerrobend. 
           The objectives of this study are to present a systematic study of the modified 
electron field for better under standing of the behavior and physical characteristics of 
the penumbra generator, and to investigate the feasibility of using this technique for 
large electron fields. Also to obtain a quantitative indicator of the dose uniformity in 
the junction region and optimizing the field separation. 
 
 .Historical review  
   Field abutment techniques are based on beam-edge modifying devices, which 
act to broaden the electron beam penumbra, and thus facilitate field matching.  The 
aim of beam-edge modification is to obtain an electron beam with a penumbra 
characterized by widely and parallel spaced isodose lines and to produce a beam edge 
whose shape independent of depth. Also the modification should give a penumbra 
width broad enough to obtain a smooth dose gradient with two beam edges, one being 
the mirror image of the other, an ideal matching should be achieved over the entire 
depth, width and length of the overlap region.             
                The problem of electron beam matching and the aim of beam-edge 
modification is given by Kalend et al., (1985) Who proposed a comb-shaped beam 
edge modifier made of a low melting-point alloy.  The shape, width, and length of the 
comb determine the gradient of the penumbra of the electron beam.  Dose uniformity 
was achieved by abutting two fields, each modified by the comb. 
 To eliminate ripples in profiles in the mach plane at shallow depths they had to use 
two phases shifted complementary combs. This technique is difficult to implement 
clinically because of the precision needed in the fabrication and positioning of the 
device. 
 
           



                   Kurup et al., (1991) proposed a method using a polystyrene wedge 
penumbra generators.  Polystyrene wedges were inserted into the electron beam at the 
penumbra region to increase the penumbra under the thick part of the wedge.  He 
stated that wedges could be designed from a few measurements, and they were quite 
successful in improving the dosimetry of the junction region; however, the presence 
of the wedges causes a slight degradation of the beam energy and penetration. 
Furthermore, the penumbra broadening occurs at all field edges (in the thick part of 
the wedge) and is limited to the region of the abutment. 
          Another approach due to V.Feygelman et. Al. (1994 ( is to match electron 
beams without the secondary collimation.  Such beams have profiles close to 
Gaussian curve and are therefore easy to match at 50% intensity points to produce a 
homogeneous dose distribution across a large field. This method is successfully used 
by a few centers as an electron beam Pseudo-arc Technique M.Pla et. Al.(1988) for 
the treatment of large superficial volumes which follow curved surfaces ; but the 
dosimetric gain comes at the expense of the setup time in the treatment room because 
of the necessary lead shielding on the patient to provide a sharp dose cutoff at the 
edges of composite treatment field.  
              B.Lachance et.al. (1997 (, present a study for the matching of electron fields 
using Lipowitz metal at energies of 9 and 12 Mev, and at different cone sizes, The 
results of their study were vary and gave more wide penumbra at the junction of the 
combination of fields. They used gabs between the studied fields, which are specified 
for energies and cone sizes. 
           He attributed these results, to the electrons of the unblocked part of the beam that have a large 
distance to be scattered in air under the block before reaching the surface. The penumbra broadening 
occurs only at the edge of abutment, while the remaining field boundaries are defined near the surface 
in the usual way with the electron cone. 
 
 
Material & Method  
 
Adjacent electron beams on a flat surface 
   The penumbra generator and the setup used for measurements are illustrated 
in Fig. Penumbra generator is a cerrobend block placed on the top of the applicator’s 
insertion plate to stop part of the electron beam on the side of the field abutment 
(cerrobend is a trade name for Lipowitz metal: 50% bismuth, 27% lead, 13% 
cadmium, and 10% tin). The dimensions used in this study were 20x20-cm2 cerrobend 
with 2cm in thickness. 
The insertion plate of the applicator and the penumbra generator are situated 44 cm 
above the surface of a phantom placed at the nominal source – surface distance (SSD) 
of 100 cm.  The block is aligned parallel to the edge of the beam to be matched. It is 
relative position with respect to the center of the distance X,Where X is defined as the 
distance between the beam edge and the position of the edge of the light field under 
the block Fig. . This distance is measured on top of the custom- made cutouts insert.   
 Check measurements were carried out to see how the modified penumbra is 
affected by either varying the thickness of the block or accounting for beam 
divergence.  
            The penumbra generator used in this study is of a straight edge and of 
thickness 2 cm of cerrobend . 



 Experiment setup showing: The Siemens 
electron applicator with the penumbra generator placed on the insertion plate. The 
measurement point of the distance X is indicated. SI indicates the base of the applicator 
where tertiary collimation is provided by the insertion of Shields inserted defining the field 
boundaries.    
 
                       Film dosimetry was used in this study to obtain isodose distributions 
for unmodified and modified single fields and for adjacent fields. Film was 
sandwiched in phantom on the central axis of the electron field and parallel to it. The 
films were aligned in the crossplane direction.  
               A 30 X 30 X 30-cm polystyrene phantom consisting of 5-cm slabs stacked 
together was used.  The setup was designed to minimize the effects of potential film 
artifacts.  The film jacket was punctured at each corner and the entire assembly, 
consisting of the phantom slabs and the aligned film, was tightly clamped together 
with a large carpenter clamp to avoid any perturbation to the dose distribution caused 
by air trapped in the film jacket.   
                The film edge facing the source was carefully aligned with the phantom 
surface.  The excess wrapper extending beyond the film edge was folded over to one 
side and taped to the phantom. 
               The sensitometric curve was obtained for Kodak X O-mat films, which used 
in this study, showed a linear response to dose up to about 70 cGy.   In the linear 
portion of the curve, the net optical density can be used for relative dose measurement 
without any corrections.  Hence, unless otherwise specified, 70 (MU) were used to 
irradiate films, ensuring that no absolute dose larger than the upper limit of the linear 
portion of the sensitometric curve is recorded on the film and the isodensity curves 
can be considered as isodose curves.   
              All measurements were made using the 6, 8, and 15 Mev electron beam 
energies. Experiments were performed for the following clinically useful electron 
field areas: 10 x 10cm2, 15 x 15cm2, and 20 x 20 cm2. All the isodose distributions 
presented in this study were obtained with the phantom surface placed at the nominal 
SSD of 100 cm. 



              The measurements were performed in water phantom using 0.125-cm3 ion 
chamber of Wellhofer dosimetry system single modified beams and unmodified 
beams for various distances X at the electron field areas used in the study. 
              Beam profiles taken were saved in an ASCII format from the Wellhofer. The 
depth of the saved profiles was chosen to uniformly cover the dose distribution down 
to the 50% isodose line, thus covering the range of depths of clinical interest. 
            These profiles were then implemented into a cad plan treatment planing 
system, which generates a mirror image of the profiles and combines them. The 
resulting combined profiles were used to find an optimal uniformity for various 
distances X, for the 6, 8, and 15 Mev beams, and for the three electron field areas 
used.  

 Fully automatic device for scanning and 
analyzing x-ray films, (Film Densitometer WP 102) 
 
 

 Linear accelerator KD-77, siemens 
 
 
 



 Wellhöfer motorized  Water phantom 
 
            These measurements were also performed with regular electron beams for 
comparison with the results obtained for the modified beams. 
              In this study, the parameter chosen to describe the goodness of the composite 
dose distribution for a particular two adjacent fields is the average field flatness          
 (AFF) , defined as the average value of flatness for the five shallowest composite 
profiles generated by  cad plan treatment planning system. The flatness definition 
used for a given composite profile at a depth d is the average value of 1 and 2 
 
                  Maximum dose (d) – central dose (d) 
   Central dose  (d                               ) …(1) 
 And   
                     Central dose  (d)  - minimum dose (d ) 
                               Central dose  (d                               ) …(2) 
 
          Where the central dose is the dose value at mid separation axis, and the 
maximum and minimum dose values are taken from within 85 % of the composite 
field width.  This AFF is an indicator of the dose uniformity throughout the irradiated 
volume, and it also provides the basis of quantitative comparison with the results 
obtained when matching unmodified beams. 
            The Optimal uniformity for a given set of parameters (beam energy, distance 
X, and electron field area) is that which minimizes the AFF. 
           The precision of the actual off-axis distance fed into the planning system was 
limited by the method used to identify the beam central axis position on the single 
modified beam.  Any miss alignment with respect to the beam central axis was 
reflected in the values of optimal uniformity obtained with the planning algorithm. 
          The doubly exposed verification films of the modified beams were compared 
with the optimal uniformity obtained by the planning system. Results are obtained for 
the matched electron beams at energies of 6, 8, and 15 MeV . 
          The output factor was obtained from the ionization measurements performed in 
water with a Markus chamber and (unidose, electrometer from PTW).  
Readings were taken at a depth of dmax on center axis of both modified and 
unmodified electron beams. Where the center of the modified electron fields is the 
center of the lightened area of the field. The isodose distributions for electron beams 



incident on flat surfaces were normalized to 100% at dmax for an open field and at the 
center of the lightened area for modified field.  
 
Results and discussions 
 
Beam profile and output factor for single modified electron fields 
 
      Sets of beam profiles at energies 6,8,and 15 MeV modified by the penumbra 
generator, are measured. Fig  shows a single modified beam profiles at 8MeV electron 
beam energy and field of area 20x20cm2. 
The Figure shows a penumbra, which is smooth and linear over abroad width at all 
depths. A linear dose gradient around the 50% intensity point is observed. 

Beam profiles measured at dmax and at nominal SSD show that the penumbra 
width (measured between the 80% and 20% dose values) has been increased from 
about 1.4 to 3.4-3.9 cm (depending on the distance X and the electron cone size 
Table).  

 The variation in penumbra width for different cone sizes and different energies used 
in this study is shown in Table . From the table penumbra widths are comparable 
quantitatively to those obtained by Kurup et. al. (1992) .  Kurup et.al. obtained 
penumbra width of 2.5-3 times the unmodified field (10x10cm2) using plastic wedges 
at different degrees (3°and 6°) . 
Also, the penumbra obtained in this study is comparable to the results obtained by 
B.Lachance et.al. (1997). B.Lachance et. al. obtained increased penumbra from 1.4 to 
3- 3.4cm and from 1.3 to 2.7- 2.9cm at energies of 9 &12 MeV respectively. The 
penumbra obtained in his study are about 2.5 to 3 times more than unmodified fields 
.He also said that the energy of the modified electron fields does not changes. 
  

 



In this study, it was found that the penumbra width decreased at certain distance X. 
Where that certain distance X was found to be less than 1,1.5 and 2cm for 10x10cm2, 
15x15cm2,and 20x20cm2 respectively comparable to those values of X more than the 
previous values of X . This corresponds to the point where the edge of the shields 
insert (SI in Fig.) begins to interfere with air scattered electrons. After these values of 
X the penumbra start to increase to be from 2.5 to 3 times the unmodified fields. 
Using low values of X result in decreased uniformity of the dose distribution in the 
junction region, which lead to the increase of AFF for the two adjacent fields of the 
single modified fields with small distances X.  
Tables show also the output factor for different X-values for different single modified 
fields at different energies normalized to the single unmodified 15x15-cm2 field. It is 
clear that the output factor decrease by increasing the insertion area. These factors 
valid for field sizes studied and energies used in this work. 
 
3.2. Isodose curves for single modified electron fields  
 
                   A set of modified isodose distributions was obtained at the energies 
6MeV, 8MeV and 15MeV and at the field sizes of 10x10, 15x15, and 20x20 cm2, 
With many trails for shield insertions X.  
Figures shows the obtained isodose distributions for some modified electron fields at 
the 6MeV, 8MeV, and 15MeV and at field sizes of 10x10, 15x15, 20x20cm2 with 
optimal shield insertion, using WP700 automatic water phantom. It was found that the 
increase of shield insertion would lead to ideal penumbra up to a certain limit Fig. .  
The modified edges are considered as essential aspect of the ideal penumbra . 
In this study the ideal penumbra should be widely, evenly spaced, and quite parallel to 
the beam axis. (B.Lachance et. al. 1997). 
By analyzing the obtained isodose distributions ,it is clear that the obtained isodoses 
at 6,8,15 Mev for field sizes 10x10cm2, 15x15cm2, and 20x20 cm2 for the optimal X 
values fulfill the criteria of ideal penumbra. 
According to the criteria of B.Lachance  et.al.(1997) and Kurup (1992) the isodose 
which has parallel ,wide ,and spaced penumbra are suitable for two adjacent fields 
abutment . These criteria are mainly due to ease of addition of the two 50% isodose 
lines. 
 



 
Fig (3.1): Isodose distribution for single modified electron field for 15X15cm2 at (a) 6 
MeV with 3.5 SI, (b) 8MeV with 3.5 cm SI and, (c) 15 MeV with 6cm SI. 
 
The arrows in the figures indicate the position of the light field edge at the surface of 
the phantom. 
For low values of X less than 1cm for 10x10cm2, 1.5 cm for 15x15 cm2, and 2cm for 
20x20 cm2 the electron scattering from the wall of the cone becomes significantly 
affecting the penumbra.  
The results presented in this study are found to be in good agreement with the work 
done by B.Lachance et. al. (1997) and Kurup (1992) qualitatively and quantitatively 
concerning penumbra width  (20-50%). 
The results obtained for the modified fields using Cadplan electron algorithm show 
that there is no any effect of the shield insertion on the isodose obtained, which is 
completely different from the results obtained by WP700 or the X-ray verification 
films. 
 
Isodose curves for two adjacent electron fields 
 
The results obtained for the optimal distance X at the energies and field sizes used in 
the study are now tried for keeping two adjacent modified fields. 
Fig. show the resulted isodose for two adjacent modified electron fields at energies 
6,8 and 15MeV. 
The resulted isodoses are obtained using the X O-mat  verification films. It is clear 
that the two adjacent modified electron fields are in agreement with the unmodified 
electron field concerning the curves of a certain depth. The only noticed difference is 
the shape of penumbra which is narrow in the two adjacent fields, where the isodoses 
for single modified electron fields obtained by the X O-mat film are in good 
agreement with those obtained for two adjacent modified fields concerning penumbra 
width, shape, and the isodose of certain depth. 
The results of single modified fields measured by using films verify the results of two 
adjacent modified fields. 
The results of this study are in good agreement with those obtained by B.Lachance 
et.al. (1997).  



 
The beams-eye-view composite dose distribution are shown in Fig. . These dose 
distribution were obtained in the polystyrene phantom at depth of 1cm for 6,8MeV 
and at 2cm for 15MeV. 
The beams-eye-view composite dose distribution shows that the technique works well 
for the off-axis planes since good dose uniformity is achieved over the entire match 
plane within 3-5% variation in dose along the matched fields.  
 

 Fig (3.2): Isodose distribution for single modified electron 
field for 20x20 cm2 at 6 MeV (a) unmodified field (b) by X=5cm (c) modified by X=6.5cm (d) 
modified by optimal X=6.0cm. 
 
 
 

                          
   Fig (3.3): Electron beam profiles modified by the penumbra generator. Data are 
obtained with a 8 Mev beam and the 20x20cm2 applicator with distance X of 6.0cm. 
 
 
 



Percentage depth dose 
                  The percent depth dose(PDD) as measured by WP700 for the modified 
electron field by optimal distance X and the unmodified electron field are presented in 
Fig. .  
From the figure it is clear that there is no change in main electron beam properties 
(Rp, R50 ,R90 ). The percent depth dose obtained for the unmodified electron fields, 
using Cadplan are found to be in good agreement with those measured by WP700. 
This result verifying the calculation of Cadplan electron algorithm for percentage 
depth dose of the two adjacent unmodified field. But a difference within +5% is found 
between the PDD of the single modified field as obtained by Cadplan and the 
measured PDD using WP700, which due to the algorithm implemented on Cadplan 
for electron beam calculation. 
The results of two adjacent modified electron fields of the percentage depth dose are 
found to be in agreement with those for single modified and unmodified electron 
fields within  4%. 
This valid for energies of 6,8,and 15MeV and at filed sizes used in this study 
(10x10cm2,15x15cm2, and 20x20cm2 ). 
 

 
Fig (3.4): The percent depth dose(PDD) as measured by WP700 for the modified electron field by 
optimal distance X and the unmodified electron field 

 
Fig (3.5): Electron beam profiles modified by the penumbra generator. Data are obtained with a 8 Mev 
beam and the 20x20cm2 applicator with distance X of 6.0cm. 



 
Summary  
 
                    Abutment of two or more electron fields to irradiate extended areas may 
lead to significant dose inhomogeneities in the junction region. This study describes 
the geometric and dosimetric characteristics of a device developed to modify the 
penumbra of an electron beam, and to improve the dose uniformity in the overlap 
region when fields are abutted.  
The device is a lipowitz metal block placed on top of the electron applicator insertion 
plate and positioned to stop part of the electron beam on the side of field abutment. 
The block has to be of thickness larger than the maximum electron range in the 
material, and its length and width have to be correctly chosen to cover the part of the 
beam to be blocked.  
The air-scattered electrons beyond the block increase the penumbra width from about 
1.3 to 2.7-3.4 cm at nominal SSD of 100 cm.  
The modified penumbra is broad and almost linear at all depths for the 6, 8, and 15 
MeV and at field areas of 10x10cm2, 15x15cm2,and 20x20cm2. The measurements are 
carried out using WP700 water phantom and film dosimetry systems. The results of 
film dosimetry are in good agreement with those measured by WP700 system. 
It was found that there is no effect on electron beam energy or other physical 
properties of the beam in the adjacent fields when using certain inserts of the 
penumbra modifier. The inserts are dependent on the energy and the field size. 
Cadplan version 3.4 electron planning algorithm was checked for the modified 
electron fields. Cadplan algorithm shows no change in the penumbra region for 
single modified fields. This is contradictory to what exactly happened for the same 
modified field as measured using WP700 and film dosimetry. 
 The results of Cadplan algorithm for abutment fields are in good agreement with 
those measured by film dosimetry. 
Conclusion: 
 
The dose distribution in the junction region in the unmodified open electron fields 
show much high dose at depth and in the same time cold area at surface of the 
junction between the two adjacent beams. In this study, the dose distribution in the 
junction region is shown to be homogenous distribution and much less sensitive to 
positioning errors then when regular fields are matched. 
Since the device acts mainly by complete absorption of part of the electron beam, it 
modifies the beam without degrading its energy or making change in the main 
electron PDD craves properties (Rp, R90, R50) except the slightly increase in the 
maximum dose. 
Furthermore, the device is simple and inexpensive, and no special measurement is 
needed for this design. This provides the needed flexibility to irradiate different target 
areas. 
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