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Abstract

Using different plane parallel chamber types (NACP-02, PTW Roos and PTW Markus), and a cylindrical
chamber NE-2571 as reference, the IAEA TRS-381 Code of Practice has been compared with the AAPM TG-39

dosimetry protocol for plane parallel chambers. N%'air was determined following the 60Co in-phantom method

and the electron bean method described in TRS-381, using water, PMMA and RMI-457 Solid Water phantoms.
Differences were smaller than 0.5% between the two methods except for the PTW Roos chamber where the
discrepancy was about 1.5%. The absorbed dose to water was determined according to the procedures and data
of each protocol for electron beams between 4 and 18 MeV. Differences in absorbed dose were less than 1%
when measurements were made in water, but a deviation of up to 2% was found between TRS-381 and TG-39
when PMMA phantoms were used. To validate the results obtained and to investigate differences between plastic
and water phantoms in electron beam dosimetry, the scaling factor Cpi and the jluence correction factor hm for
PMMA and solid water RMI-457 were measured and compared to the data in TRS-381. Good agreement was
found for Cpi, but only when the plastics density were taken into account. The experimental values of hm have a
large uncertainty but for PMMA a trend for hm being lower than in TRS-381 has been obtained.

1. Introduction

Several Codes of Practice for the dosimetry of electron beams have been published in
the last years. The data and methods recommended in these protocols are, in some cases,
slightly different. These small differences can lead to different values of the determined
absorbed dose in reference conditions, even when these conditions are the same or very
similar.

The goals of this project were:

a) To evaluate the differences between IAEA TRS-381 [1], AAPM TG-39 [2], and IAEA
TRS-277 [3] recommendations' for several types of ionization chambers, and to
determine the absorbed dose to water under reference conditions in electron beams for
several combinations of chambers and phantoms.

b) Following the recommendations of TRS-381 [1] for the PTW Roos plane parallel
chambers, to study the polarity and recombination effects in various electron beams in the
energy range from 6 to 20 MeV, and to determine the necessary correction factors.

c) To compare electron beam parameters measured with a PTW Roos chamber with those
obtained with an NACP chamber.

d) To evaluate the absorbed dose to air chamber factor NDair of PTW Roos, NACP and PTW

Markus chambers in water and plastic phantoms for electron and 60Co beams.

1 The similarity between IAEA TRS 381 [1] and the IPEMB protocol [4] makes the results obtained with TRS 381
practically applicable to those that would be obtained with the IPEMB protocol.
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e) To determine values of the fluence correction factor hm for PMMA and Solid Water RMI-
457 plastic materials and to compare them with those given in TRS-381 [1],

2. Materials and method

The measurements were carried out at three linear accelerators (Varian Medical
Systems, models Clinac 2100 C and Clinac 18) and one 60Co unit (Theratron 780 C).

The dose measuring systems are specified in Table I.

TABLE I. DESCRIPTION OF DOSE MEASURING SYSTEMS

Plane parallel ionization chambers

Chamber model Window material Window Electrode Collection electrode Guard ring
thickness spacing diameter width

NACP-02

PTW-Markus

PTW-Roos

Mylar foil and
graphite

Graphite
polyethylene foil

PMMA

0.104 g/cnr

0.102 g/cm2

0.118g/cm2

2 mm

2 mm

2 mm

10 mm

5.3 mm

16 mm

3 mm

0.2 mm

4 mm

Chamber model

NE-2571

Scanditronix RK.83-05

Material

PMMA

Solid water (RMI-457)

Cylindrical ionization chambers

Air cavity Wall material Cavity inner radius
volume

0.69 cm3 Graphite 0.065 g/cm2 3.5 mm

0.12 cm3 Graphite 0.07 g/cm2 2 mm

Plastic phantoms

Slab thickness Chamber cavity Density

0.2,0.5 and 1 cm Cylindrical and 1.190

0.2, 0.3, 0.5, 1 and 2 cm Plane parallel 1.062

Central electrode

Aluminium 1 mm

Aluminium 1 mm

Scaling factor CD|

1.123

0.967a

a Initially assumed to be identical to that given in TRS-381 for Solid Water (WT1) with p= 1.020. See Section 7 for
experimental work on this topic.

Water phantoms

Automated radiation field analyser RFA 300 (Scanditronix)

Water phantom 30 * 30 * 30 cm3 MED-TEC

The IAEA TRS-381 Code of Practice [1] has been followed for the determination of the
absorbed dose to air chamber factors (NDmr) and the absorbed dose to water in reference

conditions. The methods and data recommended in the AAPM TG-39 [2] and IAEA TRS-277
[3] Codes of Practice for electron dosimetry were also used and the results compared to those
obtained with TRS-381.

3. Determination of Nffair for a plane parallel ionization chamber

N''''air calibration factors have been determined for three types of plane parallel

ionization chambers NACP, PTW Markus and PTW Roos. The determinations have been
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made for electron beams in water, PMMA and RMI-457 phantoms, following "the electron
beam method" recommended in TRS-381 [1]. Three linear accelerators were employed for
these determinations, using the highest energy of each one. In addition, one set of
determinations was made according to the "60Co in-phantom method".

In all the cases, a cylindrical chamber NE-2571 was used as the reference chamber. The
effective point of measurement of each chamber (plane parallel and cylindrical) was
positioned in the "plateau" region of the depth-dose distribution of the electron beam. The
readings of the two chambers (reference cylindrical and plane parallel) were corrected for the
recombination, polarity (in the case of electron beams) and pressure and temperature effects in
all the cases. For the in-phantom measurements in the 60Co beam a reference depth of 5 cm
was used.

When the measurements were carried out in the electron beams, an additional NE-2571
chamber was placed in the radiation field as an external monitor. It was placed close to the
reference depth in the water phantom, and at the surface in the plastic phantoms. A summary
of the measurement conditions is given in Table II.

TABLE II. MEASUREMENT CONDITIONS FOR DETERMINING Nj'fan. FACTORS

Energy Eo (MeV)

SSD (cm)

Field size (cm * cm)

Reference depth

Phantom material

Plane parallel chambers

Reference chamber

Monitor chamber

Ppj correction

Ps, Pnoi correction

Electron beams

15.03, 17.11 and 19.28

100

15 x 15

Depth of maximum absorbed dose, Ri00,
in water. Scaled depths in plastics

Water, PMMA, SW RMI-457

NACP-02, Markus, Roos

NE-2571

NE-2571

Yes

Yes

60Co beam

-

100

12 x 12

5 g cm"2

Water, PMMA

NACP-02, Markus, Roos

NE-2571

No

Yes

No

Numerical values of N^air (expressed in mGy/nC) for the plane parallel chambers

studied are given in Table HI, where the uncertainties given correspond to the standard
deviation of the mean value. The last column gives the ratio of the results obtained with the
60Co in-phantom method to those obtained with electron beam method. The perturbation
factor pwan used in the determination of N^air of the Roos chambers for the 60Co in-phantom

method was 1.003 [1]. The differences for the NACP-02 and Markus chambers are of the
same order as the standard deviation of the measurements. In the cases of the Roos chambers
the discrepancy between the two methods is larger than 1%.

A set of determinations of the NDair factor for the Roos chamber s/n 57 had been carried

out in 1998 [5, 6], yielding a large discrepancy (up to 2.8%) between the two values
determined using the electron method and the 60Co method. The measurements in Co had
been made only in a PMMA phantom, and since no values are available for pwaii for the Roos
chamber in PMMA, a value equal to one was assumed. This assumption most likely
represented the largest contribution to the discrepancy found.
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TABLE III. COMPARISON OF Nj'fnir FACTORS (mGy/nC) DETERMINED IN THIS WORK

Ionization chamber

NACP-02

PTW - Markus

PTW - Roos s/n 57

PTW - Roos s/n 253

PTW - Roos FK-06

Electron beam method a

151.7 ± 0.2

483.4 ±0.9

76.51 ±0.06

71.98 ±0.08

69.72 ± 0.08

In-phantom 60Co method b

150.8 ±0.1

484.4+ 1.3

77.54 ±0.01

72.73 ±0.11

70.78 ± 0.09 c

Ratio 60Co/electron

0.994

1.002

1.013

1.010

1.015
a Average of" values determined in water. PMMA and Solid Water.
b Average of values determined in water and PMMA, except (c).
c Average of values determined in water.

4. Electron beam quality specification with Roos and NACP chambers

The energy parameters that specify the quality of the electron beams have been
determined from depth-ionization curves measured in a water phantom with Roos and NACP
chambers for the conditions given in Table IV. The readings of the two ionization chambers
have not been corrected for saturation and polarity effects. The thickness of the front wall of
the chambers (in mm) has been taken into account, but these have not been converted into
equivalent depths in water.

TABLE IV. REFERENCE CONDITIONS AND EXPERIMENTAL SET-UP FOR MEASURING DEPTH-
DOSE CURVES IN ELECTRON BEAMS

Source Surface Distance (cm) 100

Field size (cm * cm) 25 x 25

Water phantom Scanditronix RFA 300

Measurement chambers Roos and NACP

Monitor chamber Scanditronix RK 8305

Scan Step (mm) 0.5 and 1.0

£oand Ep0 have been calculated from the ranges i?J
5o and Rp with the empirical

relations recommended, respectively, in TRS-381 [1] and TRS-277 [3].

Eo (MeV) = 0.818 + 1.935RJ
50 + 0.04()(RJ

50)
2 (1)

Ep0 (MeV) = 0.22 + 1.98Rp + 0.0025R], (2)

where, R^o and Rp are the average values obtained from ten depth-ionization curves. The

standard deviation was less than 0.5 mm in all the cases. The difference between the average
depth-ionization curves obtained with the two chambers varies between 0.4 and 1.1 mm,
depending on the beam energy.

The measured depth-ionization curves have subsequently been converted into depth-
dose curves and the parameters corresponding to these distributions re-evaluated. These are
given in Table V.

68



TABLE V. ENERGY PARAMETERS OF ELECTRON BEAMS DETERMINED WITH NACP AND ROOS
PLANE PARALLEL CHAMBERS

Enom=18MeV

Roos chamber

NACP chamber

Difference (%)

Enom=15MeV

Roos chamber

NACP chamber

Difference (%)

Enom=16MeV

Roos chamber

NACP chamber

Difference (%)

Enom = 12 MeV

Roos chamber

NACP chamber

Difference (%)

Enora = 9MeV

Roos chamber

NACP chamber

Difference (%)

Enom = 6MeV

Roos chamber

NACP chamber

Difference (%)

Enora = 4MeV

Roos chamber

NACP chamber

Difference (%)

R 100 (mm)

19.5 ±6.0

18.0 ±6.0

5.9(1.1 mm)

19.0 ±5.0

20.0 ±5.0

3.6 (0.7 mm)

30.5 ±4.2

30.5 ±4.2

0.0

27.5 ±2.5

28.0 ±2.5

1.4 (0.4 mm)

20.4 ± 1.8

20.5 ±1.8

0.5(0.1 mm)

12.8 ± 1.4

13.0 ± 1.3

0.8(0.1 mm)

7.2 ± 1.0

6.7 ±1.0

0.6 (0.4 mm)

RJ
S0 (mm)

71.3 ±0.1

71.0 ±0.3

0.5

56.1 ±0.1

55.9 ±0.2

0.2

64.8 ±0.1

64.3 ± 0.2

0.7

49.0 ±0.1

48.7 ±0.1

0.7

34.5 ±0.1

34.6 ±0.1

0.4

22.9 ±0.1

23.0 ±0.1

0.2

13.2 ±0.1

13.3 ±0.0

0.4

Rp (mm)

89.4 ±0.0

89.1 ±0.1

0.4

70.3 ± 0.5

70.1 ±0.7

0.4

78.9 ±0.1

78.6 ± 0.4

0.5

60.0 ± 0.2

59.4 ±0.1

1.1

42.4 ±0.1

42.4 ±0.1

0.2

28.6 ±0.0

29.0 ±0.1

1.4

17.1 ±0.6

16.9 ±0.1

1.2

£,,(MeV)

16.7 ±0.0

16.6± 0.1

0.5

12.9 ±0.0

12.9 ±0.1

0.2

15.0 ±0.0

14.9± 0.1

0.7

11.3 ± 0.0

11.2 ± 0.0

0.7

8.0 ±0.0

8.0 ±0.0

0.4

5.5 ±0.0

5.5 ±0.0

0.2

3.4 ± 0.0

3.5 ±0.0

0.3

J?^(MeV)

18.1 ±0.0

18.1 ±0.0

0.5

14.3 ±0.1

14.2 ±0.1

0.4

16.0 ±0.0

15.9 ±0.1

0.5

12.2 ±0.0

12.1 ±0.0

1.1

8.6 ± 0.0

8.7 ± 0.0

0.2

5.9 ± 0.0

6.0 ±0.1

1.3

3.6 ±0.1

3.6 ±0.0

1.1

The difference in the values of the energy parameters determined with the two chambers
was of the same order as the standard deviation. Because of the small variations in the depth-
dose curves, especially in the region close to the phantom surface, the depth of maximum dose
(R^Q) was calculated as the average value of the depth where the percentage dose was higher

than 99.5%. The standard deviations of 5 or 6 mm correspond to high-energy electron beams
having a wide "plateau" in the depth-dose distribution. Thus, the difference in the depth of
maximum dose of 1.1 mm in the electron beam of 18 MeV is probably due to uncertainty in
the chamber position. A comparison between the two sets of parameters shows that these are
differences of about 0.5% in Eo and Rp; these imply differences of less than 0.05% in sw

and therefore in the absorbed dose determined for the reference conditions.
,air '
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5. Determination of recombination and polarity correction factors for NE-2571, PTW
Roos, NACP and PTW Markus ionization chambers

The determination of the recombination correction factor ps for the chambers has been
made using the "two voltage" method [7] and the polynomial fit included in TRS-277 [3].

\Q +\Q\
The polarity factor ppo\ has been determined as

2\Q-

Measurements have been performed in electron beams of mean energy Eo from 5.51 to
19.28 MeV (Enom between 6 and 20 MeV) in water and Solid Water RMI-457 phantoms. In all
cases, one external monitor chamber (NE-2571) was used, placed in the conditions described
above.

The polarising voltages used were -300, +300 and -100 V for the cylindrical chambers
and -100, +100 and -34 V for the plane parallel chambers. After changing the polarising
voltage, enough time was allowed for reaching stable conditions, between 5 and 10 minutes.

The measurement conditions are given in Table VI.

TABLE VI. MEASUREMENT CONDITIONS FOR THE DETERMINATION OF RECOMBINATION AND
POLARITY CORRECTION FACTORS

Mean energy at surface Eo
 5- 5 i ~ 19.28 MeV

Source to surface distance 100 cm

Field size 10 * 10 cm2

Measurement depth Depth of maximum of absorbed dose, /?1Oo

Monitor chamber NE 2571

Polarising voltage ± 300 V, ± ] 00 V and ± 34 V

Phantom Water and solid water

Dose rate range 2.4 - 3 Gy/min

The numerical values obtained are given in Tables VII and VIII, together with the
standard deviation of the mean values. The polarity correction is less than 0.1% for all
chambers, but slightly higher for the PTW Markus chamber.

TABLE VII. POLARITY CORRECTION FACTOR

E0(MeV)

5.51

8.16

11.32

15.15

19.28

NE-2571

-

-

0.9987 ±

1.0000 ±

1.0005 ±

0.

0.

0.

0002

0003

0001

NACP

1.0000

1.0000

1.0000

1.0003

1.0000

±

±

±

±

±

0.0005

0.0005

0.0004

0.0007

0.0006

PTW-Markus

0.9922 ± 0.0003

0.9940 ± 0.0005

0.9959 ±0.0005

0.9953 ± 0.0004

0.9981 ±0.0005

PTW-Roos

0.9996 ±0.0001

1.0000 ±0.0001

1.0000 ±0.0001

1.0003 ±0.0001

1.0000 ±0.0001
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TABLE VIII. RECOMBINATION CORRECTION FACTOR

E0(MeV)

5.51

8.16

11.32

15.15

19.28

NE-2571

-

-

1.0109±

1.0113 ±

1.0005 ±

0.0003

0.0005

0.0003

NACP

1.0112 ±0.0008

1.0114 ±0.0006

1.0129 ±0.0006

1.0135 ±0.0007

1.0124 ±0.0007

PTW-Markus

1.0118 =fc 0.0010

1.0134 ±0.0006

1.0140 ±0.0023

1.0147 ±0.0025

1.0156 ±0.0008

PTW-Roos

1.0094 ± 0.0002

1.0113 ±0.0002

1.0117 ±0.0002

1.0123 ±0.0003

1.0113 ±0.0001

6. Determination of absorbed dose to water: comparison of different Codes of Practice

The absorbed dose to water in electron beams at different energies has been determined
under reference conditions using several combinations of ionization chambers (cylindrical and
plane parallel) and phantoms (water and PMMA). The determination has been made following
the recommendations of TRS-381, TG-39 and TRS-277 Codes of Practice [1-3].

Measurements have been performed for a range of energies Eo between 3.3 and
17.1 MeV, at an SSD of 100 cm, with a field of 10 x 10 cm2, in water and PMMA phantoms.
The effective point of measurement of the chambers was placed at the reference depth in each
phantom (scaled depths for plastics). Corrections for influence quantities (temperature,
pressure, polarity and recombination effects) have been applied. The position of the chamber
effective point of measurement, and the numerical values of the scaling factor, fluence
correction factor and jW)air used were the values recommended in the four protocols compared.

A comparison was made first of the NDair factors of cylindrical and plane parallel

chambers determined according to the electron beam method recommended in TRS-381 and
the other three protocols. The comparison between TRS-381 and TRS-277 yielded differences
smaller than 0.5%, which were basically caused by the difference between pcei-giob (TRS-277)
and pceikcei (TRS-381). In the case of TG-39, in spite of the differences in various physical
quantities and factors (sgraphite,air for Co-60, W/e, pwau, etc.) most discrepancies cancelled out
and the factors for the plane parallel chambers were within 0.5% for the two protocols. The
difference between TRS-381 and IPMEB was negligible in all cases.

The differences in the absorbed dose determined according to the three protocols were
less than 1% for all the chambers when measurements were made in water. A large deviation
(up to 2%) was found, however, between the absorbed dose values obtained using TRS-277,
TRS-381 and TG-39 when the measurements were made in PMMA phantoms. This
disagreement was mainly caused by the different scaling procedures plastic/water used in
these protocols (Cpi), the fluence correction factor hm, and the mean restricted mass stopping
power ratio (sWjair) versus the product of SpMMA,air by the ratio of the mean unrestricted mass
collision stopping power of water to PMMA (SW,PMMA) recommended in TG-39.

Ratios of the absorbed dose to water determined following TRS-277 and TG-39 to that
obtained using TRS-381, for measurements carried out in PMMA with several ionization
chambers are plotted in Figs 1 and 2. Note that these figures supersede the corresponding
figures in Ref. [5], where results previous to 1998 were reported but a mistake related to the
scaling of depths had been made.
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FIG. 1. Ratios of the absorbed dose to water determined according to TRS-277 and TRS-381 as a function of the
mean energy at the phantom surface. Measurements performed in a PMMA phantom.
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FIG. 2. Ratios of the absorbed dose to water determined according to TG-39 and TRS-381 as a function of the
mean energy at the phantom surface. Measurements performed in a PMMA phantom.

7. Investigation on the scaling factor Cp\

The scaling factor Cp\ is defined in TRS-381 as a material-dependent factor, that
converts ranges and depths measured in plastic phantoms into the corresponding values in
water. The recommended values are 1.123 for PMMA (for p = 1.190) and 0.967 for Solid
Water WT1 (for p = 1.020).

To validate these values for the plastic phantoms used in our work, measurements of
depth-ionization curves were performed in PMMA, Solid Water RMI-457 and water, using
PTW Roos and NACP plane parallel ionization chambers, in electron beams of several
energies (see Table IX).

The water phantom employed was an automated Radiation Field Analyser RFA 300
from Scanditronix. The solid water phantoms, PMMA and RMI-457, consisted of 30 x 30 cm2

slabs with thickness varying from 2 mm to 10 mm and 2 mm to 50 mm, respectively.
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Nominal energy (MeV)

Field size

Plane parallel chamber

Monitor chamber

/^.-/-correction

ps, pmi correction

6, 12, 20

25 x 25 cm2

PTW Roos

NE-2571

Yes

No

TABLE IX. MEASUREMENT CONDITIONS OF DEPTH-IONIZATION DISTRIBUTIONS IN PLASTIC
PHANTOMS

PMMA Solid Water RMI-457

6,9,12, 16,20

25 x 25 cm2

PTW Roos and NACP-02

NE-2571

Yes

No

All measurements were made at an SSD of 1 m in electron beams produced by a Clinac
2100 C linear accelerator, having nominal electron beam energies of 6, 9, 12, 16 and 20 MeV.
A NE-2571 cylindrical ionization chamber was used as external monitor, placed in air at the
lowest position of the treatment head, with its build-up cap. The tip of the monitor chamber
was positioned just within the light field to ensure negligible perturbation in the
measurements of the electron field. Readings obtained from the plane parallel ionization
chambers were divided by the monitor chamber readings, thus eliminating the effects of drift
in the output of the linear accelerator throughout the experiments.

Each solid phantom material had one slab with a cavity to accept an ionization chamber.
The slabs were position to maintain a fixed SSD. In this procedure one or more slabs are
moved from underneath the chamber to a position above the chamber or vice versa. Thus the
total number of slabs in the solid phantom stack remained constant and the SSD also remained
constant. The couch supporting the stack of slabs was not moved during these measurements.
To provide adequate backscatter, at least 10 cm of the solid phantom material were placed
under the point of measurement at all times.

Depth dose curves in plastic have been derived in an approximate manner from depth
ionization curves in PMMA and Solid Water RMI-457 [8], correcting each data point by the

factor -, />astIC swair where the values of the (5//?)-ratio were taken from Ref. [9]. No
\S/Phater '

significant differences were found between i?5o,w /-#50,piastic obtained from the ionization and
from the dose curves (see Tables X and XI).

A scaling factor was determined from the ratio i?5o,w /-̂ so.piastic for all the depth-dose
curves measured. Good agreement was found between the value calculated by us for PMMA
(1.121) and the Cp, factor given in TRS-381 (1.123) for a density of 1.190 g cm"3 (see Fig. 3).

In the case of Solid Water RMI-457, although the density stated by the manufacturer
(1.030 g cm"3) was slightly different than the value quoted in TRS-381 for WT1 (1.020 g cm"
3), the Cpi given for this material in TRS-381 was used first without including the ratio
table recommended in TRS-381. The discrepancy between Cp\ and the ratio i?5o,w
measured from our depth-dose curves was significant (see Fig. 4).

These results suggested that the Solid Water materials WT1 and RMI-457 were very
different. Therefore, an estimation of the density of SW RMI-457 was made, obtaining p =
1.062 ± 0.4% g cm"3, which is different from the values published by Tello et al. [10] (1.045
g cm"3) and Nisbet and Thwaites [11] (1.04 g cm"3) for the same material. In light of this, the
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FIG. 3. Depth dose curves of a 6 MeV electron beam determined in water and PMMA with a Roos plane parallel
chamber. The scalingfactor has been determined as the ratio RSU.JRSOJ'MMA-

1 2 0

10 0 -

D e p t h ( c m )

FIG. 4. Depth dose curves of a 9 MeV electron beam determined in water and SW RMI-457 with a Roos plane
parallel chamber. The scaling factor has been determined as the ratio Rso.JRso.sw-

need for measuring the density of the material, and include the ratio Aise/Aabie in the use of Cpi,
as recommended by TRS-381 [1] becomes evident.

Using the ratio Aise/Aabie together with the value of Cp\ given in TRS-381, a value for
this product equal to 1.007 was obtained for SW RMI-457, in excellent agreement with the
ratios i?5o.w /̂ so.piastic determined in this work (see Table X). This provides an experimental
confirmation of the Monte Carlo calculated values given in TRS-381.

TABLE X. DETERMINATION OF THE SCALING FACTOR FOR A SOLID WATER RMI-457 PHANTOM
WITH DENSITY 1.062 g cm"3 a

EJMeV) 5.51 8.16 11.32 15.15 19.28 Mean for all SDOMb

energies measured

R50.IV

RV50..VIF

R'

R5I1.S1V

1.009

1.010

l.oi:

1.013

1.001

1.002

1.011

1.011

1.004

0.997

1.007

1.007

0.002

0.003

a Note that this scaling factor should be compared with the product Cpi pusalpa\,\e as recommended in TRS-381. In this case,

puse,=l .062 g cm"3 and p,Me= 1.020 g cm"3; combined with Cpl = 0.967, the product yields 1.007.
b Standard deviation of the mean value.
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TABLE XI. DETERMINATION OF THE SCALING FACTOR FOR A PMMA PHANTOM WITH
DENSITY 1.190 gem"3

E0(MeV) 5-5 1 11-32 1 9-2 8 Mean for all energies SDOMa

measured

RJ 1.120 1.119 1.123 1.121 0.001

1.119 1.119 1.125 1.121 0.002

' Standard deviation of the mean value.

Figures 5 and 6 show depth-dose curves determined in water and plastic phantoms. The
depths in plastic have been scaled according to the results obtained in this work, 1.121 for
PMMA and 1.007 for Solid Water RMI-457. The difference between the two families of
curves (water and plastic) is less than 0.5% for all measured depths.

8. Fluence correction factor

8.1. First determination of fluence correction factors (1998)

A first set of determinations of the hm factor for PMMA was performed from the
measurements carried out in water and in PMMA for absorbed dose determinations. The
factor was obtained as

, water \zref,water ) ,~N
m =~h4 ~( 7 *> )

M PMMA \zref,PMMA )

where zref,PMMA is obtained from zref,water using a scaling factor Cpi = 1.123 [1].

The measurements were performed in water and PMMA phantoms in the electron
beams produced by a Clinac 18 and a Clinac 2100 C, covering a range of mean energies
E,from 1.8 to 12.5 MeV. The measurement conditions were SSD=100 cm, field size 10 x
10 cm2, depth of maximum dose in water and scaled depths in PMMA. In all the
measurements, corrections for ppj,ps and/?poi were applied to the chamber readings M. NACP
and Roos plane parallel chambers were used with a NE-2590 Dose Master electrometer. The
results are presented in Table XII.

The discrepancy between hm in TRS-381 and that obtained from Eq. (3) was about 1%
for the two chambers. Due to the difficulty of reproducing the measurement conditions for the
two phantoms, this difference was included in the measurement uncertainty.
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FIG. 5. Depth dose distributions of electron beams with nominal energies 6, 12 and 20 MeV, measured in water
and PMMA. Depths in PMMA have been corrected by a scaling factor of 1.121, determined experimentally for
PMMA withp= 1.190gem s.
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FIG. 6. Depth dose distributions of electron beams with nominal energies 6, 9, 12, 16 and 20 MeV, measured in
water and Solid Water RMI-457. Depths in SW RMl-457 have been corrected by a scaling factor of 1.007,
determined experimentally for SWRMI-457with p = 1.062 g cm 3.
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TABLE XII. COMPARISON BETWEEN THE FLUENCE CORRECTION FACTORS DETERMINED IN
THIS WORK (1998) AND THE hm VALUES GIVEN IN TRS-381

E: (MeV)

1.86

2.45

3.50

4.10

4.83

6.24

8.18

8.90

12.53

NACP-02

1.019

1.003

1.004

1.004

1.001

1.008

1.004

1.003

0.997

Roos (PTW)

1.003

0.999

0.996

0.999

0.999

1.003

0.995

1002

0.995

hm (TRS-381)

1.009

1.009

1.008

1.008

1.008

1.007

1.005

1.005

1.003

NACP-02
Difference %

0.98

0.64

0.44

0.39

0.70

0.07

0.09

0.17

0.63

Roos (PTW)
Difference %

0.57

0.95

1.20

0.93

0.93

0.40

0.95

0.29

0.84

8.2. Second determination offluence correction factors (1999)

Common measurement conditions had been agreed by the participants of the project
during a meeting in 1998 with the purpose of decreasing the uncertainty of the measurements.
These conditions have been described above.

The fluence correction factor hm may be obtained as the ratio of the detector readings at
the depth of maximum ionization (on the central axis) in a water phantom and at the depth of
maximum ionization in another phantom material.

u __
"m ~\

h
water

\ water (Ppj) water ) R
;

. ~TKA / \ I
Vplastic ]„ \M plastic KPpj) plastic RJ0O,plaslic

Following the conditions agreed, the fluence correction factor hm was determined for
PMMA and Solid Water RMI-457 using a NE-2571 cylindrical ionization chamber and
NACP, PTW Markus and PTW Roos plane parallel ionization chambers.

Measurements were performed in electron beams produced by three linear accelerators
covering a range of nominal energies from 4 to 20 MeV. The field size was 1 5 x 1 5 cm2

without electron cone, at SSD = l m (see Table XIII).

The in-water ionization measurements were made ina30 x 30 x 30 cm3 water phantom
(produced by MED-TEC). In order to maintain the constancy of the nominal SSD and the
chamber depth, the water level was closely monitored for water evaporation. It is emphasized
that during all measurements the surface of the water and plastic phantoms were always
maintained at the same level, thereby the couch was not moved in this experiment.
Consequently, the uncertainty resulting from the experimental set-up was minimised.

For each energy, three sets of measurements were taken: plastic/water/plastic. The
electron cone was not used in order to have enough space for exchanging the phantom without
moving the gantry or the couch.

All electrometer readings were corrected for pressure and temperature. A cylindrical
ionization chamber NE-2571 was used as external monitor, placed in air at the lowest position
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TABLE XIII. MEASUREMENT CONDITIONS FOR THE NEW DETERMINATIONS OF hm

Radiation unit

Nominal energy (MeV)

TjMeV)

Measurement depth

YjMeV )

Field size (No Cone)

Monitor chamber

P/> •/•correction

Ps, Pnoi correction

PMMA phantom

Clinac 18 and Clinac 2100C #768

4 - 1 8

3.31 -17.11

Depth of maximum ionization

1.89- 12.52

15 x 15 cm2

NE-2571

Yes

No

Solid water phantom

Clinac 2100C #1336

6-20

5.51 - 19.28

Depth of maximum ionization

2.63-12.73

15 x 15 cm2

NE-2571

Yes

No

of the treatment head, with its build-up cap. The fluctuations of the room temperature can
result in corrections of the monitor chamber of the same order as the hm values; therefore the
room and phantom temperatures were measured frequently (every 10 seconds) throughout the
measurements. Five readings were taken at each point, and the experiment was performed
three times (on different days) in most cases.

The hm values obtained are plotted as a function of the mean energy at depth E. in Figs
7 and 8 for PMMA and RMI-457, respectively. These values are given in Tables XIV and XV
including the standard deviation of the mean value of the determinations

The difference between the values of hm obtained in a PMMA phantom with several
chambers was lower than the standard deviation of the measurements; thus it can be
concluded that there is no significant difference between the type of chambers used. The
measured values are about 0.5% lower than those given in TRS-381 for the range of energies
used.

In the case of hm for Solid Water RMI-457, due to the large number of measurements
the dispersion of the measurements was lower (1 SD < 0.5%) than for PMMA. However, a
larger discrepancy was found between the measured values for this material and the values
recommended in TRS-381 than for PMMA. This discrepancy decreases when the energy
increases, probably due to a lower uncertainty in the positioning of the chamber at the depth of
maximum absorbed dose.

The largest differences of the water/RMI-457 ratios between this work and TRS-381
correspond to measurements with the PTW Roos and NE-2571 chambers. These values are in
agreement with the results published by Tello et al. [10] for cylindrical chambers. Figure 8
shows a dependence with the chamber type, in contrast with the results for PMMA.

In spite of being extremely careful with the performance of this experiment, we have not
been able to decrease the standard deviation of the measurements to a level negligible in
relation to the values of the parameters to be determined. The fluctuations in the room
temperature lead to corrections of 0.5% or more in the readings of the chamber when placed
in the plastic phantom or in air (monitor chamber), and it is not possible to assure that the
temperature of the chamber cavity air is the same as that read on the thermometer. Therefore,
an error could have been introduced instead of performing a correction for this effect.
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FIG. 7. Fluence ratios hmfor PMMA as a function of the mean energy at depth. Measurements performed with
different ionization chambers. The uncertainty bars correspond to the standard deviation of the mean values
shown.
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FIG. 8. Fluence ratios h,,,for Solid Water RMI-457 as a function of the mean energy at depth. Measurements
performed with different ionization chambers. The uncertainty bars correspond to the standard deviation of the
mean values shown.

TABLE XIV. EXPERIMENTALLY DETERMINED FLUENCE CORRECTION FACTORS hm

FORSOLID WATER RMI-457

EJMeV) PTW Roos PTW Markus NACP-02 NE2571

2.63 1.012 ±0.0006

3.53 1.017 + 0.001

4.70 1.018 ±0.001

8.48 1.011 ±0.001

12.6 1.008 ±0.0004

1.003 ±0.001

1.008 ±0.002

1.002 ±0.0006

1.001+0.002

1.002 ±0.0004

1.00210.0.0006

1.002 + 0.0006

1.001 ±0.006

1.001 ±0.004

1.001 ±0.001

1.012 ±0.002

1.013 ±0.001

1.014 ±0.001

1.008 ±0.0007

1.005 ±0.0007
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TABLE XV. EXPERIMENTALLY DETERMINED FLUENCE CORRECTION FACTORS hm FOR PMMA

Ez (MeV)

1.86

2.45

2.89

3.50

4.28

4.83

6.69

8.18

9.08

12.73

PTW Roos

1.012 ±0.004

1.005 ±0.003

1.006 ±0.001

1.003 ±0.002

1.001 ±0.002

1.000 ±0.002

0.999 ± 0.003

1.001 ±0.002

0.998 + 0.003

0.996 ± 0.003

PTW Markus

-

1.006 ±0.006

1.002 ±0.003

1.008 ±0.002

1.003 ±0.003

1.003 ±0.004

1.002 ±0.004

1.004 ±0.003

0.998 ±0.004

0.996 ±0.001

NACP-02

-

1.005 ±0.002

1.007 ±0.004

1.006 ±0.0005

1.007 ±0.003

-

1.005 + 0.003

1.001 ±0.001

1.000 ±0.005

0.997 ± 0.005

NE2571

-

1.000 ±0.001

-

0.998 ± 0.003

0.998 ± 0.002

0.997 ±0.002

0.997 ±0.002

1.000 ±0.003
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