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II 
 

 

Gamma and x-rays beams used in radiotherapy are contaminated with secondary 

electrons. Skin dose has two components depending on secondary electrons 

produced from photon interactions with air, collimator jaws, the patient surface and 

any other scattering materials these components are: (1) secondary electrons 

generated in the patient, and (2) contaminant electrons from the treatment head. It is 

not possible to change the effect of treatment head materials on skin dose in clinical 

applications, but skin dose can be changed by using different treatment setup 

parameters. Therefore, the knowledge of how parameters affect the skin dose is 

essential for proper treatment. 

Many authors have assessed dose in the surface and buildup region for normally 

incident photons and there are a number of articles in the literature concerning 

surface dose and buildup at open fields, source to surface distances, oblique angles 

(gantry angles), various blocks tray, filters, and wedge angles. The aim of the present 

work is assessment the dose distribution in buildup regions generated by our beams 

with different treatment setup parameters, applying the Eclipse TPS to calculate the 

dose distribution correctly in buildup regions, and drawing a model able to predict 

the skin dose with precision of about +/- 5.0 % for the most treatment conditions 

available applying both treatment units (cobalt (T780E) and linear accelerator). A 

'Markus' parallel plate PP chamber was used for these measurements in both cobalt 

(T780E) and Varian (6.0 MV -15 MV) linear accelerator. Cobalt beam build-up 

zones were very poorly described by the conventional beam data acquisition 

procedures and they are usually flatter than those produced by higher energy 

machines. All our measurements were done in the central part of the beam and were 

assessed for dose at entry surface.  
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In higher energy photon beams we can expect observing the similar phenomena with 

deeper build-up zones as the range of electron set in motion will be multiple of that 

generated by cobalt photons. 

Eclipse treatment planning system TPS was tested with respect to skin dose 

calculation. Calculated data were compared with measurements using both 

ionization chambers and thermo-luminescent chips.  

Skin dose was found being dependent on collimator opening, the measured skin 

dose showed that skin dose increased as field size increased. As the field size 

increased the skin dose increased.  This increasing is due to increased electron 

emission from the collimator and air. Measured skin dose values for cobalt were 

higher than those of 6 MV and 15 MV.As the energy increased, the skin dose 

decreased with increasing the collimator opening. This decreasing is due to 

decreasing the linear energy transfer LET. 

The results of different source to skin distances SSD with field size for different 

energies showed the variation in skin dose with SSD. The skin dose increased as 

SSD decreased while increased as field size increased and increased as energy 

decreased. The Percentage surface dose is nearly stable with different Source to Skin 

Distance SSD. The air between source and skin generates secondary electrons and 

these electrons absorbed or scattered in air depending on beam divergence and some 

of them can reach the patient's skin. 

The results of different Gantry angles GR with different energies showed that with 

increasing the gantry angles (0 to 30) degree produces a minimal effect of dose and 

with  increasing the gantry angles (40 to 70) degree produce a dominate increase. 

This increase is monotonic (but nonlinear) with increasing angle. This effect on skin 

dose is due to that the depth of dose maximum (Dmax) is shifted toward the shallower 

depth with increasing the gantry angle. 
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 Insertion of beam modifiers proved to have a less effect on cobalt beam. At least 

under standard conditions (field size FS = 10x10 cm², source to skin distances SSD 

= 100 cm) insertion of trays and wedge filters into the cobalt beam does not affect 

significantly neither surface dose Dsurf nor the skin dose Dskin. But, for 6.0 MV and 

15 MV photon beams, the percentage skin doses for open fields were lower than the 

percentage skin doses fields when adding bolus. This effect on skin dose is due to 

that the depth of dose maximum (Dmax) is shifted toward the shallower depth 

(surface) with increasing bolus thickness toward the depth of equilibrium. 

             Measurements are taken for the entire range of field sizes available on the 

linear accelerators (5x5 cm² to 40x40 cm²) with an acrylic blocking tray. Skin dose 

values with the acrylic block tray were higher than those with the open field. It may 

be concluded that the effects of the blocking tray on skin dose were quite significant 

and increased with increasing field size. The tray eliminates the electrons from 

upstream and generates new secondary electrons by itself. The number of electrons 

originating at the tray is larger than the number of electrons eliminated by the tray. 

The skin dose for a physical wedge PW field increased as field size increased with 

fixed wedge angle but skin dose value for physical wedge fields lower than those 

with an open field. The skin dose values for wedge fields increased as field size 

increased. The skin dose decreased as the wedge angle increased at fixed source to 

skin distance SSD. Physical wedge PW eliminates secondary electrons but generates 

new electrons. It may be concluded that the number of electrons produced by the 

wedge was lower than the number of electrons eliminated by the wedge. 

The skin dose measurements at off-axis distance (2.0, 4.0 and 5.0 cm from the 

central axis) were studied with a 10x10 cm² opened field size. The skin dose 

decreased as the off-axis distances increased. This effect is dominant at the field 

edges. 
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The presented study shows that Eclipse treatment planning system in its currently 

used version fails to calculate skin dose accurately enough. It assesses the skin dose 

at the entry surface by a simple approximation of the dose build-up curve regardless 

the conditions. 

 The study resulted in a simple calculation procedure that could estimate skin dose in 

relative units within +/- 5.0 % for the most of treating conditions. The skin dose is 

then expressed as a fraction of dose calculated either by Eclipse or by other planning 

system in the nearest point possessing full equilibrium of charged particles. 

          The assessment of skin dose becomes an important treatment parameter as 

either the higher skin reaction can put a serious restriction to the radiation treatment 

or the insufficient surface dose can reduce the tumor control. 
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