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Background: Peripheral or scatter dose harms neighbouring normal tissues during adminis-

tration of dose to cancerous tissues, therefore, knowledge of peripheral dose is an important

consideration in radiotherapy.

Aim: In present study, absorbed dose measurements in a water phantom were performed

for  three field sizes, 7 × 7 cm2, 10 × 10 cm2 and 15 × 15 cm2.

Materials and methods: For each field size, dose was measured at six depths below the front

surface of the water phantom; 2.5–15 cm with an interval of 2.5 cm. Measurements were

made  at equal transverse distances along the horizontal axis, from 1 cm to 6 cm,  on both

sides  of the central beam axis and normalized with central axis dose of each field. All

measurements were made at the source to surface distance of 100 cm.

Results: Variation of peripheral dose with lateral distance was analysed and an appropriate
SSDL parametric equation for each field size and depth was constructed.

Conclusions: The peripheral radiation dose showed a strong dependence on field size and

distance from field boundary.

© 2016 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.

is due to the scattered radiation coming from the machine
1.  Background  and  aim

Radiotherapy has long been used as cancer treatment modal-

ity but with associated risk of producing complications in
normal tissues. It has been proven before in near and dis-
tant past by many  authors1–13 that there exists a significant

∗ Corresponding author.
E-mail address: shahban butt@yahoo.com (M. Shahban).

http://dx.doi.org/10.1016/j.rpor.2016.12.002
1507-1367/© 2016 Greater Poland Cancer Centre. Published by Elsevier 
unavoidable dose, called peripheral dose or scattered dose,
to the organs outside the target volume being treated by a
radiation beam of a certain field size. This peripheral dose
head and patient (or phantom), shielding and walls or ceil-
ing of the room.10 It can cause cataract, damage fertility and
can be a great danger for a foetus in pregnant patients. Fraass
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tral axis dose decreases with depth because of photon beam
attenuation and as a result of a decrease in forward scatter-
ing of electrons with increasing depth. It can be noticed that
reports of practical oncology and 

t al.2 cited BIER III report which summarizes the threshold
ose values for different organs, like breast, lungs, thyroid,
onads and foetus in pregnant women. A single fraction of
ore  than 10 cGy can induce serous foetus damage. Above the

hreshold of 100 cGy, there is an increase in cancer probability
f about 0.5%/cGy of dose delivered in breast of women above
wenty years of age. Single fraction of more  than 300 cGy can
ause sterility in males. For thyroid and lungs cancers, pos-
ible threshold can be set at a safe limit of 5 cGy. If patient
s treated with prescribed dose of 50–60 Gy, these threshold
oses correspond to less than 3% of the prescribed dose.2 Prior
nowledge of this scattered radiation is therefore extremely

mportant to gain best possible ratio between Tumor Control
robability (TCP) and Normal Tissue Complication probability
NTCP).1 It is the main responsibility of the medical physicist
o accurately assess this unavoidable dose to make radiothe-
apy treatment as efficient and safe as possible.

.  Materials  and  methods

ll measurements were performed in the Secondary Standard
osimetry Laboratory (SSDL), Pakistan. A Co60 tele-therapy
nit model GWGP-80 was used to produce collimated
eam of gamma radiation. The absorbed radiation dose
as measured in a PMMA  water phantom of dimension

0 cm × 30 cm × 30 cm at SSD of 100 cm.  A 0.62 cm3 A19 Farmer
ype thimble ion chamber serial number XAQ082331 in con-
unction with max-4000 electrometer serial no. F082272 was
sed for dose measurements. The chamber was positioned

n a PMMA  inserter sleeve and aligned using a laser system.
eripheral doses were measured for the field sizes 7 × 7 cm2,
0 × 10 cm2 and 15 × 15 cm2 defined at the front phantom sur-
ace. For each field size, dose was measured at six depths in
ater, 2.5–15 cm with an interval of 2.5 cm,  at equal transverse
istances, from 1 cm to 6 cm,  on both sides of the central beam
xis. The transverse distance step of 1 cm was chosen. For each
eld size, dose readings were normalized against central axis
ose (approximately un-scattered dose) at the quoted depth
nd field size. All measurements were made at the source to
urface distance (SSD) of 100 cm.  Fig. 1 is a schematic diagram
epicting experimental arrangement for this experiment in
hich points of intersection of lines are measurement points.
he dosimetry system used in these measurements was cali-
rated against secondary standard dosimetry system of SSDL,
INSTECH, Pakistan. The calibration factor (ND,W) in charge
ode turned out to be 48.88 mGy/�C. The corrected absorbed

ose to water was determined using the following relation:

w = x · kp,t · ND,W

here x, kp,t and ND,W are uncorrected charge values, pressure
emperature correction factor and chamber calibration factor,
espectively. The kp,t is calculated as:

p,t = (Tm + 273.15) × P0

(T0 + 273.15) × Pm
here P0 = 1013.25 mbar and T0 = 293.15 K. Pm and Tm are
verage values of pressure and temperature, respectively,
easured during the experiment.14
Fig. 1 – Experimental arrangement.

3.  Results  and  discussion

In our study we considered location of tumour at six depths
below the front surface of water phantom, 2.5–15 cm with an
interval of 2.5 cm.  For each field size, the variation of periph-
eral dose with lateral distance, from 1 cm to 6 cm,  on both sides
of the central beam axis was observed at each depth. All read-
ings were normalized with respect to central beam axis dose
at each location of tumour.

3.1.  Variation  of  central  axis  dose  with  depth

Fig. 2 shows variation of central axis dose with depth along
the beam axis. It is obvious that for a fixed field size, cen-
Fig. 2 – Variation of central axis dose with field size and
depth.
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Fig. 3 – Dependence of peripheral dose on lateral axis

Reason for this increase might be as follows: As photons pen-
distance.

this decrease is linear for each of the three field sizes. For the
10 × 10 cm2 field size, central axis dose varies from 82.04 mGy
at 2.5 cm depth to 37.63 mGy  at 15 cm depth. For the 7 × 7 cm2

and 15 × 15 cm2 field sizes, similar trend is observed. These
results also show that there is a slight increase in central axis
depth dose with increase in field size. This may be because of
a slight increase in forward scattering of electrons with field
size.15

3.2.  Peripheral  dose  variation  with  lateral  distance

From Fig. 3 it is clear that doses, outside the field boundary,
decrease exponentially with increasing lateral distance (from
boundary 0 cm to 6 cm)  for a given field size at each depth. At
2.5 cm depth, peripheral dose varies from 56% at field bound-
ary (0 cm)  to 1.6% (of central beam dose) at 6 cm from the field
edge. On the other hand, it varies from 75.3% at field boundary
to 7.5% at 6 cm transverse distance from the field boundary for
the depth of 15 cm.

McParland et al.6 and Francois et al.9 worked on a theo-
retical relationship for this dose fall off. In present study, an
empirical equation was worked on. By fitting an equation to
the data of dose for every depth, it is found that the following
equation can be fit to each depth for any field size.

D(x) = Ae−x/t + y0

where ‘x’ is lateral distance from the field edge which ranges
from 0 to 6 cm,  A, t and y0 are constants which are the func-
tions of depth and field size themselves.

A = A(f, d)

t = t(f, d)
y0 = y0(f, d)

where f is the field size and d is depth in water phantom.
iotherapy 2 2 ( 2 0 1 7 ) 212–216

By fixing the field size, these constants will become a func-
tion of depth only. By plotting these constants with depth (d),
following equations best fit to the curve for A, t and y0.

A = ˛0 + ˛1d

t = �0 + �1d

For 7 × 7 cm2 and 10 × 10 cm2,

y0 = �0 + �1d + �2d2 + �3d3

In case of 15 × 15 cm2,

y0 = �0 + �1d + �2d2 + �3d3 + �4d4

Values of these constants are tabulated for 7 × 7 cm2,
10 × 10 cm2 and 15 × 15 cm2 field sizes in Table 1. This model
was  compared with experimental values and maximum
observed deviations are 4% for 7 × 7 cm2, 7.17% for 10 × 10 cm2

and 7.48% for 15 × 15 cm2 field size. This difference was exhib-
ited at such large lateral axis distances where dose is very low.
Francois et al. showed a difference of less than 20% in his the-
oretical and experimental values at large distances from the
central axis. At such large distances, these differences were
not considered.9

This behaviour of peripheral dose may be due to the contri-
bution of different components of scattered dose. Just outside
the field boundary, scattering from within phantom is mainly
responsible for the peripheral dose. As the distance from
the field edge increases, phantom component of scatter dose
rapidly reduces while the machine component (scattering
from machine head, collimator jaws, etc.) increases. Near the
field, both phantom scattering and collimator scattering are
responsible for the peripheral dose but away from the field
boundary only collimator scatter is accountable for peripheral
dose.9

3.3.  Variation  of  peripheral  dose  with  depth

For a fix field size and lateral distance, dose outside field
boundaries increases with increasing depth in a water phan-
tom. For the 7 × 7 cm2 field size, dose at field boundary at
depth of 2.5 cm is 53.97% of central axis dose. It increases with
increasing depth and reaches 70.16% of central axis dose at
15 cm depth. At 1 cm lateral distance, it is 19.54% of central
axis dose at 2.5 cm depth and increases to 36.29% central axis
dose at 15 cm depth. Similar behaviour is exhibited for other
lateral measurement points. Fig. 4 is a plot of peripheral doses
against the depth for 7 × 7 cm2. It clearly shows an increase
in peripheral dose with depth measured for every lateral axis
measurement point. Similar behaviour is also exhibited for the
field sizes of 10 × 10 cm2 and 15 × 15 cm2. Increase in periph-
eral dose follows a linear pattern. These results signify the fact
that for deep seated tumours, scattered dose becomes more
significant. In other words, dose to surrounding healthy tis-
sues is higher in the case of deep seated tumours as compared
with surrounding healthy tissues located at shallow depths.10
etrate deep inside the tissue, their energy decreases due to
successive collisions with molecules of water. At low ener-
gies, photons predominantly scatter sideways in Compton

dx.doi.org/10.1016/j.rpor.2016.12.002
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Table 1 – Values of constants for field sizes 7 × 7 cm2, 10 × 10 cm2 and 15 × 15 cm2.

F × S (cm2) ˛0 ˛1 �0 �1 �0 �1 �2 �3 �4

7 × 7 50.25 1.03 0.825 0.031 2.58 −0.85 0.14 −0.005 –
10 × 10 53.3 1.22 0.76 0.056 

15 × 15 54.97 1.71 0.716 0.077 
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Fig. 4 – Variation of peripheral dose with depth.

cattering. This increases the absorbed dose outside the pri-
ary  beam.

.4.  Variation  of  peripheral  dose  with  field  size

ig. 5 shows peripheral doses at 2.5 cm depth for three field
izes. It is obvious that peripheral dose linearly increases with
eld size. At 1 cm from field edge, it is 22.14%, 25% and 32% of
entral beam axis dose at 5 cm for each field size, respectively,
or the 7 × 7 cm2, 10 × 10 cm2 and 15 × 15 cm2 field sizes. The

ame distribution repeats for other depths with, obviously, a
inear increase in doses for higher depths. This increase in
eld size may be due to the fact that a larger field size means

Fig. 5 – Variation of peripheral dose with field size.
−0.23 0.87 −0.076 0.003 –
6.30 6.80 1.5 0.13 0.0039

more  scattering centres for primary photons. More  scattering
of primary beam contributes to increased scattered dose.6

3.5.  Error  analysis

Type-A uncertainties (statistical fluctuations in measure-
ments) were calculated as deviation of right and left
measurements relative to their mean value. Type-B uncertain-
ties correspond to inherent errors in measuring instruments.
This uncertainty was incorporated to the dosimetry system,
thermometer and barometer. Uncertainties in positioning of
the phantom and electrometer placed in water are ignored
because the phantom is placed using a built-in scale and
laser alignment system while the electrometer is placed in the
water phantom using an inserter which has holes in it and is
positioned at a fixed place.

Total Type-B uncertainty in measurement turned out to be
±0.9 cGy with a 95% confidence level.

4.  Conclusion

Results of this study completely agree with previous
studies1–12 and the proposed mathematical model has been
suggested for peripheral dose. Peripheral dose is an impor-
tant consideration when delivering radiation doses to patients
with megavoltage photon beams. It can cause higher than
anticipated doses to OARs. Choice of field size during radiothe-
rapy planning has to be optimized so as to minimize scattered
dose to the organs outside treatment area. The presented work
can be extended for tissue composition by introducing density
parameter to the proposed mathematical model. The resul-
tant equation can be used as a simulation tool for radiotherapy
treatment planning.
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