
Pol J Med Phys Eng 2007;13(3):139-148.
PL ISSN 1425-4689
doi: 10.2478/v10013-007-0012-7
website: http://www.pjmpe.waw.pl

S. Sathiyan, M. Ravikumar

Exit Dose Measurement in Therapeutic
High Energy Photon Beams and

Cobalt-60 Gamma Rays

Department of Radiation Physics, Kidwai Memorial Institute of Oncology,
Dr. M. H. Mari Gowda Road, Bangalore – 560 029, India

e-mail: ssathiyan@rediffmail.com

To estimate the skin dose to the patient from the treatment planning, the knowledge about exit

dose is essential, which is calculated from the percentage depth dose. In this study 6 MV and 18 MV

beams from linear accelerator and cobalt-60 beams were used. The ionometric measurements were

carried out with parallel plate chamber of sensitive volume 0.16 cc. Parallel plate chamber was fitted

in to 30 � 30 cm2 polystyrene phantom at a fixed FSD with the measuring entrance window facing

farther from the source. The field size for this measuring condition was maintained at 10 � 10 cm2.

The ionization measurements were also carried out by changing the thickness of the polystyrene

phantom at the entrance side of the point of measurement. In order to find out the variation of

relative exit dose (RED) with field size the measurements were carried out without and with the full

back-scattering material (27.2 gm/cm2) placed beyond the entrance window of the chamber. The

measurements were also done for the entrance polystyrene phantom thicknesses of 10, 20 and 30

cm for the field size ranging from 5 � 5 cm2 to 30 � 30 cm2. The dose at the exit surface with no

backscatter material is about 4.4%, 3.7% and 5.8% less than the dose with the full backscatter

material present beyond the point of measurement for 6 MV, 18 MV X-rays and cobalt-60 gamma

rays. The reduction in exit dose does not dependmuch of the phantom thickness through which the

beam traverses before exiting at the chamber side. Dose enhancements of about 1.03 times were

observed for a field size of 5 � 5 cm2 for 6 MV, 18 MV X-rays and cobalt-60 gamma rays. The dose

enhancement factor (DEF) values were noticed to vary with field size beyond 15 � 15 cm2 for all the

energies studied. Also it can be observed that the dose enhancement factor (DEF) values do not

depend on the thickness of the phantom material through which the beam has traversed. The DEF

values were found to varymarginally for different phantommaterial thickness for the particular field

size. The study indicates that a reduction of 4.4% and 3.7% in relative exit dose when there is no



backscatter material present for 6 and 18 MV X-rays for most of the clinically used radiotherapy

portals. Themeasured exit dose was found to bemostly independent of field size and the thickness of

the phantommaterial through which the beam gets transmitted at the entrance side. An addition of

backscatter material of thickness equal to two-thirds of the dmax depth of the radiation beam

concerned results in full dose at the exit side.

Keywords: relative exit dose, dose enhancement factor, polystyrene, parallel plate, backscatter.

Introduction

Knowledge of exit dose is essential in determining the dose to the skin in parallel

opposed or multiple external beam treatments. According to ICRU Report 24 [7] exit

dose is defined as the absorbed dose delivered by the single fixed beam of radiation to the

surface of the patient through which the beam emerges. The report also suggests that

the exit dose be measured with the detector surrounded by the full backscattering

material. The exit dose depends on the photon energy, the tumor dose, the treatment

technique and the presence or absence of the scatteringmaterial beyond the patient. It is

usually calculated from the percentage depth dose data measured using semi-infinite

water or water equivalent solid phantoms. But in clinical practice there is no sufficient

backscattering medium present beyond the exit surface of the patient. This lack of full

scattering condition will result in the dose less than the estimated dose using the

percentage depth dose data. Though there are many energy, field size, beam scattering

material and Source-skin distance (SSD) dependant detailed studies exists for the

entrance dose measurements [1, 3, 5-6, 9, 14, 16-17], not many studies are reported for

exit dose measurements in literature.

For orthovoltage beams a semi-empirical thickness dependent correction factor has

been suggested to the exit dose estimated from percentage depth dose data. [2, 12]. The

ICRU report [7] has tabulated correction factors for orthovoltage beams in the HVL

range 1.5 to 2.5 mm copper. Legare [11] has suggested a correction factor ranging from

0.91 to 0.95 depending on the field size and phantom thickness for Co-60 gamma rays.

Though Johns and Cunningham [8] have reported that no correction is necessary for

Co-60 gamma beams a correction factor of about 5% has been recommended by Massey

and Meredith [13] and ICRU report [7]. A variation of 2-3% in delivered tumor dose and

significant reduction in skin dose has been reported when there is lack of full backscatter

material present at the exit surface [4, 5, 11]. A reduction of 3-7% in exit dose for

thickness of 1 to 20 cm was reported when the beam traverse 1 to 20 cm of water
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for a Co-60 beam [4]. Ravikumar and Ravichandran [16] have reported a field size

dependant exit dose enhancement with different backscattering materials for 6 and 18

MV X-ray beams. A loss in dose at the exit surface of the order of 15% and 11% were

reported for 6 and 18 MV beams [10]. Lambert et al [12] have measured the exit dose for

Cobalt 60 gamma rays and different x-ray energies and noticed a reduction in exit dose of

17% for Cobalt-60 gamma rays. They have reported that full electron back-scattering

could be restored with 1.0 to 2.7mm of unit density material placed beyond the chamber

depending on the photon energy. For a Varian Clinac 6/100 linear accelerator 6 MV X-ray

beam a 15% field size and depth independent reduction in exit dose was reported and it

was observed that field size dependent 5-10 mm backscatter material could restore the

dose to within 3% of full backscatter condition [15].

In the present study we have estimated the reduction in exit dose for various field

sizes and thicknesses of the phantommaterial for the photon beams generated from our

dual energy accelerator and Cobalt-60 gamma rays. Also the optimum thickness of the

phantom material along the beam axis required for attaining most of the scatter was

estimated for these photon energies.

Materials and Methods

The Varian Cinac DHX-3172 linear accelerator photon beams of nominal energies of 6

MV and 18 MV and cobalt-60 gamma ray beams from Theratronics Theratron-780C were

used in this study. The ionometric measurements were made with NACP-02

parallel-plate ionization chamber along with Scanditronix Wellhofer Dose1

electrometer. The chamber had a sensitive volume of 0.16 cc with a diameter of sensitive

volume 10 mm and plate separation 2 mm. The front window of the chamber was made

up of 0.5 mm of graphite covered with 0.1 mm mylar foil for water proofing. The ion

chamber polarizing voltage was maintained at 200 V and both positive and negative

collecting potentials were used for the measurements. The exit surface ionization

measurements were made with the gantry rotated to 180° (under couch) and the

polystyrene phantom positioned above the treatment couch. The parallel plate chamber

was snuggly fitted into a 30 � 30 cm2 polystyrene phantom at a fixed FSD of 100 cm for

X-ray beam and 80 cm for gamma ray beamwith the measuring entrance window facing

farther from the source. The geometry of the experimental setup is shown in Figure 1.

The validity of positioning the parallel plate chamber in the reverse geometry was
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confirmed by measuring the percentage depth dose for a 10 � 10 cm2 field with the

chamber positioned on both sides. The two estimated percentage depth dose values

agreed within 2%.

The charge measurements were carried out by placing varying thickness of thin

sheets of polystyrene in close contact with the window of the chamber. The water

equivalent thickness of graphite-mylar window (0.104 g/cm2) was included in the added

thickness of the water equivalent polystyrene sheets. The field size for this measuring

condition was maintained at 10 � 10 cm2. The ionization measurements were also
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Figure 1. Geometry of the experimental arrangement.



carried out by changing the thickness of the polystyrene phantom at the entrance side of

the point of measurement.

In order to find out the variation of relative exit dose with field size the

measurements were carried out without and with the full back-scattering material

placed beyond the entrance window of the chamber. The measurements were also done

for the entrance polystyrene phantom thicknesses of 10, 20 and 30 cm for the field sizes

ranging from 5 � 5 cm2 to 30 � 30 cm2. The validity of measurements for field sizes 30 �

30 cm2 was checked against the measurement by adding an additional polystyrene block

around the smaller size phantom. No significant difference was observed as a result of

added phantom material, which is similar to that reported in earlier studies [16, 18].

Results

The relative exit dose (RED) for 10 � 10 cm2 field with varying thickness of the phantom

material (10, 20 and 30cm) placed at the exit surface is shown in Figure 2a, 2b and 2c for

6 MV,18 MV and Co-60 gamma rays. The relative exit dose (RED) is defined as the ratio of

ionization charge measured with and without the backscattering material placed in

contact with the parallel plate chamber. The results show that for a 10 � 10 cm2 field the
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Figure 2a. Backscatter thickness versus relative exit dose for 6MV photons.
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2b)

2c)

Figure 2. Backscatter thickness versus relative exit dose for (b) 18MV and (c) Co-60

photons.
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Figure 3. Side of the square field versus dose enhancement factor for (a) 6MV and (b) 18MV

photons.



dose at the exit surface with no backscatter material is about 4.4% and 3.7% less than the

dose with the full backscatter material (20.818 g/cm2) present beyond the point of

measurement for 6 and 18 MV X-rays, for a 60Co beam the RED is more by 5.8% with

enough backscattering material (15.64 g/cm2) was present and the value RED increases

to 7.5% for 20 � 20 cm2 field. The reduction in exit dose increases marginally with the

phantom thickness through which the beam traverses before exiting at the chamber

side. When about 10 and 22 mg/cm2 of backscattering material present the relative dose

could reach the full dose for 6 and 18 MV X-rays.

The dose enhancement factor (DEF) for field sizes ranging from 5 � 5 cm2 to 30 � 30

cm2 for the phantom thicknesses of 10, 20 and 30 cm is shown in Figure 3a, 3b and 3c for

6 MV,18 MV and Co-60 gamma rays. The dose enhancement factor (DEF) is the ratio of

ionization with a full backscattering of polystyrene material (20.818 g/cm2) present to

that of the ionization recorded without any backscattering medium present beyond the

entrance window of the chamber at the exit side of the beam. A dose enhancement factor

was increased by 2.7% for 6 MV, 2.8% for 18 MV and 3.2% for 60Co beam with the field

size of 5 � 5 cm2. The DEF values were noticed to vary from 2.7% to 6.5% with field size

for 6 MV and by 2.8% to 4.7% for 18 MV. For 60Co beam the DEF values varied from 3.2%

to 7.2% with the field size. It was observed that the DEF values do not vary significantly

on the thickness of the phantom material through which the beam has traversed.
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Figure 3c. Side of the square field versus dose enhancement factor for (c) Co-60 photons.



Discussion and conclusion

At the energy levels studied the primary photons mainly undergoes interaction by

Compton process. Though the scattered photons and the Compton electrons travel in

the forward direction initially, their energy gets degraded as they travel through the

medium due to further interactions. As the energy reduces they undergo backscattering

and the amount of which is slightly more for Co-60 gamma rays and 6 MV X-rays

compared to 18 MV X-rays. Whenever there is no medium present beyond the exit

surface the dose due to the backscattered photons and electrons are absent and this

results in less exit dose beingmeasured. When the backscatteringmaterial is present, the

increase in dose is mainly due to the short ranged back scattered electrons which can be

confirmed by the sharp raise in dose enhancement ratio with few millimeters of added

phantom thickness at the exit surface. When the phantom thickness is increased further,

the slow increase in relative dose is due to backscattered photons and the amount of

which depends on the volume of scattering material exposed. The increase in dose gets

saturated when the phantom thickness exceeds the range of backscattered photons

(Figure 2a, 2b, 2c). The measured variation of relative exit dose was essentially

independent of the phantom thickness present in the front side of the point of

measurement. This result was similar to that noticed by the other investigators for

different photon energies [12, 15]. No strong dependence of dose enhancement factor

was found on phantom thickness at the entrance side for all the energies studied (Figure

3a, 3b, 3c).

The study indicates that a reduction of 4.4% and 3.7% in relative exit dose when

there is no backscatter material present for 6 and 18 MV X-rays and for 60Co beam the

corresponding value found to be 5.8%. The measured exit dose was found to be mostly

independent of thickness of the phantom material through which the beam gets

transmitted at the entrance side. An addition of backscatter material of thickness equal

to two-thirds of the dmax depth of the radiation beam concerned will result in full dose at

the exit side.
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