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ABSTRACT

During orthovoltage x-ray radiotherapy dosimetry, normal practice requires the use of a standard ion-
isation chamber and dedicated electrometer for dosimetry. In ideal conditions, the electrometer is
positioned outside the treatment room to eliminate any effects from scatter radiation on dose
measurement. However in some older designed rooms, there is no access portal for the chamber cable to
run to an “outside” position for the electrometer. As such the electrometer is positioned within the
treatment room. This work quantifies the effects on measured charge when this occurs. Results have
shown that with the electrometer positioned next to a solid water dosimetry stack and using a large
15 x 15 cm field at 250 kVp x-ray beam energy, charge results can deviate by up to +17.2% depending on
the polarity applied to the chamber compared to readings when the electrometer is outside the treat-
ment room. It is assumed to be due to scatter radiation producing electrons in the amplifying circuit of
the electrometer. Results are also shown when the electrometer is shielded by a 4 mm thick lead casing
whilst inside the room which removes the scattering effect, providing the best case scenario when the
electrometer must remain in the treatment room. Whilst it is well known that an electrometer should
not be irradiated (even to scattered radiation), often small kilovoltage or orthovoltage rooms do not have
a portal access for an electrometer to go outside. As such it would be recommended for a lead shield to be
placed around the electrometer during irradiation if this was to occur to minimize dosimetric inaccur-
acies which may occur due to scattered radiation effects.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Superficial and Orthovoltage x-ray units have been used
extensively in radiotherapy for a long period of time (Mondalek
et al, 1988; Zarand, 1979; Podgorsak et al., 1998; Kurup and
Glasgow, 1993; Butson et al., 1995). Historically, the terms super-
ficial is used for energies in the range of 50 kVp to 150 kVp and
orthovoltage for 150 kVp to 500 kVp. These machines still have
a place in a radiotherapy department for the treatment of super-
ficial cancers as well as bone metastasis. As part of their clinical use,
radiation dosimetry needs to be performed on a regular basis
(Cheung et al., 2009; Butson et al., 2008 Mar; Butson et al., 2008 Sep
7; Butson et al., 2008 Sep; Butson et al., forthcoming; Currie et al.,
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2007; Currie, 2009; Jhala et al., 2009; Healy et al., 2008). Often
these machines are housed in smaller treatment rooms with lead
lined walls to meet external shielding requirements. For some room
designs this means that easily accessible external ports are not built
for dosimetry purposes. Nor are their gaps under doors to fit cables.
It may also not be feasible for some reason to retrofit/renovate the
treatment room to add a dosimetry port. This leaves the physicist
with no ability to extend their dosimetry equipment such as the
electrometer to outside the treatment room during irradiation. This
short note investigates the effects if the electrometers are left inside
such a room and provides information of a shielding recommen-
dation is this case occurs.

2. Materials and methods

A Farmer 2570 dosemeter was used for the radiation scatter
study. A farmer 2571 thimble ionisation chamber was located
inside an RMI solid water stack phantom with dimensions
30 x 30 x 30 cm for the dosimetric study. A Gulmay D300
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orthovoltage machine was used with a 250 kVp x-ray beam using
various square x-ray fields up to a size of 15 x 15 cm. Measurements
were performed applying 100 cGy radiation dose to the Dmax
position using the IPEMB 96 (Aukett et al., 2005), protocol. The NE
Farmer 2570 dosemeter was attached to a Farmer thimble 0.6 cc
ionisation chamber for charge measurements. The applied voltage
used was 300 V in either positive or negative polarity. The Farmer
dosemeter was positioned at various points within the treatment
room as well as outside the treatment room to observe any effects
on measured charge induced by radiation scatter. The radiation
exposure at the position of the dosemeter was measured using
a Victoreen 451 survey meter and given in mSv/hr. A 4 mm thick
lead shield was also used for some experiments to minimize scat-
tered radiation. It was designed to encase the entire dosemeter
except for the front panel in a box shape just larger than the elec-
trometer itself. The relationship between measured charge read-
ings, the radiation exposure rate at the site and position of the
electrometer and the effects of lead shielding were all examined.

3. Results and discussion

Fig. 1 shows a representative measurement of charge recorded
using the farmer 2570 dosemeter and 2571 thimble ionisation
chamber when the phantom was irradiated with 100 cGy applied
radiation dose as the distance from the Dose meter to the phantom
position was varied. The beam used was a 250 kVp x-ray beam with
a 15 x 15 cm square field. Similar but smaller deviations were
recorded at smaller field sizes. Results show a significant difference
in the measured charge depending on the applied voltage (positive
or negative) and the distance of the meter from the phantom.
When the chamber voltage was positive a higher value for charge
was measured and vice versa. A +17.2% difference was measured
with our electrometer as close as possible (8 cm) to the phantom
and measurable differences (2%) were still seen at more than 1 m
from the phantom. Significant differences were recorded when the
electrometer was positions within 30 cm from the phantom as
would be the normal case if the electrometers was placed on the
clinical treatment bed with the dosimetry phantom. It should be
noted however that the average value between positive and
negative polarity at all positions displayed negligible differences

Table 1
Comparison of ionisation charge recorded deviation (using a single polarity), and
exposure rate level.

Field size Exposure level Distance to % Deviation
(cm) (cm) phantom (Square.) (mv/hr)
4 2.5 120 0.3

4 12 80 0.9

4 23 30 14

4 42 8 2.5

6 3.5 120 04

6 15.5 80 1.2

6 31 30 1.6

6 53 8 2.6

10 6.0 120 04

10 20.5 80 1.1

10 65 30 33

10 1155 8 7.5

15 12.5 120 0.8

15 34.5 80 1.9

15 113 30 6.7

15 186 8 17.2

and agreed with outside room measurement averages. This
behaviour is analogous to the extra-cameral volume effects in
ionization chambers and extension cables reported in radiation
dosimetry.

Table 1 shows the measured percentage deviations above
normal non-scatter induced polarity effects of results for a 250 kVp
beam using various fields sizes and at different positions/distances
from the phantom of the electrometer within the treatment room
when using a single polarity. Also quoted is the measured exposure
level at each site. Results indicated that the level of deviation is
related to the scattered radiation exposure which varied with field
size and room position. When the results are graphed in relation to
exposure level, Fig. 2 is produced. This is the percentage deviation
from the value measured outside the treatment room (where
negligible scatter occurs) for the average of both positive and
negative polarity. The magnitude of the variation is very similar for
both polarities. When the dosemeter was position on the table next
to the phantom during irradiation up to 17.2% error in measured
charge/dose occurred. This was at an exposure rate of approxi-
mately 186 mSv/hr.
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Fig. 1. Representative variation in measured charge for using an ionisation chamber and Farmer Dosemeter when the dosemeter is located within the treatment room and exposed

to varying levels of scattered radiation.
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Fig. 2. Relationship between charge deviation and exposure rate for the 250 kVp x-ray beam.
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Fig. 3. Minimization of the radiation scatter deviation effect by the electrometer lead shield.

Fig. 3 shows similar results for Fig. 1 but when the dosemeter
is shielded by a lead sheet around the device to minimize the
impact of direct and indirect radiation scatter. As can be seen the
lead (4 mm thickness) provides an adequate shield and appears to
negate the effect of the scattered radiation. The differences seen
in measured ionisation for positive and negative polarity are
similar to that seen when measured outside the treatment room
and are due to chamber polarity effects. Tests were not performed
with differing thicknesses of lead shielding however it would be
expected that the minimum thickness required could be calcu-
lated based on HVL measurements of the scattered radiation. As
such it is recommended that a lead shield dome is used for
orthovoltage and superficial radiation dosimetry for the dose-
meter if it cannot be placed outside the treatment room during
irradiation. It is also recommended to use polarity averaging for
dosimetry if the electrometer has to be left inside the treatment
room. Whilst it is common sense to not place a radiation elec-
trometer next to the radiation source during x-ray dose assess-
ment, it may be considered acceptable to locate the meter at
a distance from the source which is as far as possible if no exit
port from the treatment room exists. However, measurement of
any radiation scatter at this point would need to be assessed
along with any associated electrometer reading deviations before
dose assessment is performed. It would be prudent if this case

exists to construct and use a similar lead box shield for the
electrometer to minimize scatter radiation and thus uncertainties
it causes.

4. Conclusion

Scattered radiation from orthovoltage machines can have
a significant effect on radiation dosimetry when using high voltage
ionization chambers if the dosemeter is present inside the treat-
ment room during irradiation. Up to =417.2% variation was
measured in this study at 250 kVp. As such, it is recommended that
a large lead shield be used around such a device if it is impossible to
remove the dosemeter from the room during irradiation. This will
minimize and hopefully eliminate variations in measured charge
from different polarities used on the chamber during irradiation
caused by scattered radiation. It is also recommended to use
polarity averaging for dosimetry if the electrometer has to be left
inside the treatment room.
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