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Abstract

Irregularly shaped [(ields are usually cncountered in routine radiotherapy when radiation
sensitive structures are shiclded from the primary beam or when the field extends bevond
the irregularly shaped patient body contour. The aims of the present work were (a) to
investigate the accuracy of duse mcasurement in irregular photon fields encountered in
routine radiotherapy practices. (b} to develop an Fmpirical relation for radiotherapy
trcatment procedure. For treaiment planning in imregular photen fields usually encountered
n routine radiotherapy practices eleven (1) irregular fields were simulated in solid perspex
phantom to investigate the doses for photon beam of o teletherapy unit. It was expected
that, these fields would almost cover the different irregular lields encountered in daily
radiotherapy practices at different therapy establishments. The direct mcasurement dose
values in irregular fields were compared with calculated dose values abtained by the use of
Clarkson’s method and newly developed Fmpirical relation of dose calculation in irregular
photon fields. The Tables 3(I-XI) contain, dircetly measured dosc values at varows
intcrested points in different imegular fields, the directly measured dose values at those
points in the corresponding open fields. percentage difference of dose values between
irregular (blocked) and open ficlds, calculated dose values at respective points using both
Clarkson’s method and Empirical relation, percentage difference ol dose valucs between
directly measured and calculated values. The catculated dose values of Empirical relation
are in good agreement with the directly measured dose vatues at different points in irregular
fields, So that, dose estimation in irregular fields could be approximated with rcasonable
aceuracy from the calculated dose values of Empirical relation normalized to central axis
beam dose data in respective open fields, The averaged of the mean percentage differences
with 1sd between direcily measured dose values at different points in imegular (blocked)
ficlds and the corresponding dose values at those points in open fields of 3{(i-xi) for Co
was found to be 16.76% £ 9.12 {range 2.45% — 49.20%) for *9Co tcletherapy unit. The mean
value of the coeflicients of correlation {1} between directly measured dose values in itregular
ficlds and the calculated dose values by Clarkson’s method and Empirical relation in the
corresponding fields of 3(i—xi) for ®Co were found 10 be 0.999 and 0.999 respectively. The

averaged of the mean percentage differcnces with lsd between directly measured dose

xii
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values and calculated dose values of Clarkson’s method and Empirical relation were found

to be 2.528% + 1.622 {range 0.475% — 5.998% ) and 2.527% + 1.623 (range 0.475% -
5.998%) respectively. The comesponding uncemainty +1.291%and £1.291% between
directly measured dose values and calculated dose values by Clarkson's method and
Empirical relation werc found statistically satisfactory. becausc according to the
International Commission on Radiation Units and measurements {ICRU) the dose delivered
to the target volume should be at least within 35%0 The averaged of the mean difference
16.76% * 9.12 {range 2.45% - 49.2%) between dircctly measured dose values at different
points in irregular (blocked) ficlds and the corresponding points in respective open fields
could be considered statistically significant in case of dose prescription for a paticnt
receiving radiotherapy treatment with irregularly shaped photon fields. The important
finding of this study is that the directly measured dose values in irregular [ields are in good
agreement with calculated dose values of Empitical relation so that the dose estimation in
irregular fields could be approximated with reasonable accuracy from the calculated dose
values of empirical relation normalized to central axis beam dose in open felds. This
normalized central axis dose dala was expected to be useful as reference data for dosimetry
of irregntar fields in routine radiotherapy practices. Moreover. it may be considered that, our
dosimetric results may be useful as general guidelines, to optimize the radiation doses to the
organs at risk during radiotherapy. On the basis of ALARA concept, exposure should be
kept as low as reasonably achievable. It is suggested that shielding devices should be used in
risk organs, especially gonad and lens of eve, whenever possible to reduce the potential risk

due to the scablered radiation dose.

xiti
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11  General

The aim ol radiotherapy technigue is to deliv e as high as possible to malignant cells
{tumor) with minimuwm detriment to surrounding healthy tissues. From the view point of
radiation protection on the basis of ALARA concept. one of the basic principles of using
ionizing radiation in medical helds 51 is that the dose to surrounding tissues shoutd be
minimized by using the best available tcchniques and to take measures to reduce the doses
as far as possible to other parts of the body as well as organs at nisk. In additon, dose
uniformity within the tumor volume and sparing of risk organs are imporant considerations
in judging a treatment plan. But there is no available hospital based critical organ dose data
for radiotherapy departments in our country. 1t is therefore necessary to have adequate
considetation for the accuracy of absorbed dosc in radiation therapy. The prime aim of
radiotherapy used alone or in conibination with other treatment modalitics is to achieve cure
from malignant diseascs. Radiotherapy does however play an equally vital rolc in palliative

treatinent where although curc has not been achieved. relief (rom the symptoms produced by

digease is possible.

Accurate patient dosimetry is only possible when sufficiently aceurale pabent data are
available, Such data collection includes body contour. outling and density of relevant
internal structures, location and extent of the targer volume Acquisiton of these data is
necessary whether the dosimetric calculations are performed manually or with a computer.
Also. application of central axis- depth dose data to dose calculation for the treatment of a
patient is an another step from their determination in a water phantom and therefore involves

the possibly ot additional error.

Under these circumstances, the standard dose distribution data collected in ideal conditions
from a phantom can not be applied directly for treatment without proper modifications or
corrections for achieving best possible untform dose distribution system. in radictherapy
technique, however. an ideal radiation field te . a cross-sectional area of a photon beam,
cvery point inside which has equa! number of incident photons per unit time and every point
outside which has no incident photon at afl can not be achieved in practice but attempts
could be made to modify the physical construction of a therapy treatment unit to have

radiation fields with satisfactorily acceptable condition.
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Shielding of vital organs within a radiation field is onc of the major concerns of
radiotherapy. Considerable time and effor are spent in shaping fields not only to protect
critical ergans but also to avoid unnecessary irradiation hazards to the surrounding normal
healthy tissues. Partial shielding to avoid imadiation of healthy normal tissues modifies the
square or rectangular radiation beam. Whenever square or rectanpular radiation beam is
modilied by partial shielding to avoid irradiation of healthy normal tissues, characteristics of
the beam changes. this change occurs duc to the change in contribution from scattered
radiation. Modification of beam affects the dose reccived at point P {sav). Dose
measurement for any field other than rectangular. circular or square field may be time
consuming. because basic data for calculations are usually available for Sfuare or
rectangular ficlds. Clarkson's method (Clarkson's. 1941) is available to predict dose at point
P {say) with the help of scarttered air ratios (SAR) table. It is based on principle that the
scattered component of the depth dose can be calculated separately from PTimary
component. Apart from Clarksen's method; other authors have given different relations to
calculate the dose [or blocked beams (Day, 1950). This technique is not practical for routine
calculations as calculations with this methnd are time consuming and it is not practical to

use it in day-to-day applications.

12 Objective with Specific Aims of the Study

A comprehensive quality assurance program is necessary for the improvement of accuracy
in dose delivery in radiation therapy. Again. the duties and responsibilitics of a medical
physicist in the field of radiotherapy 15 to draw out a radiotherapy treatment and dosimetry

plan to ensure quality control and radiation protection.

The main objectives of the present study cover dose calculation and investigation procedures
in irregular fields to avoid undesirable radiation hazard and ensure quality assurance((JA)

for the accuracy in radiotherapy treatment planning %),

Further to this, cerain recommendations regarding dosimetry system in various iregular

fields will be within the aim of the present work.

The primary aims of the present work are:
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1. Simulation of different irrcgular fields in solid phantoms usually encountered in
rontine radiotherapy practices
i, Modifications of photon beams from “'Ca 1o the shapes of different irregular ficlds
simulated in sahd Perspea phanionis.
1. Investigation of doses along fong axis (x-anis) in those irregular felds,
iv.  Development of an empirical relation for the accuracy of treatment procedure,
v.  Comparison of central axis depth dose data with doses caleulated by using

Clarkson's method and newly developed Empirical relation.

The overall objective of the present work is to establish cenain systems as basie
requirements lor the calculation of deses in irregular iields to investigate the accuracy

of the dose measurcment in mega voliage blocked beam of y-radhation.

1.3 Scope of the study

Shielding blocks play an important roie in ¢linical application of radiotherapv. Application
of radiotherapy for treatment of malignant discases is primarily aimed to provide curative
radiation dose to the treatment velume. The tarpet or reatment volume is oficn irggular in
shapes in contrary to the square or rectangular fields employed in standard dose distribution
data collcetion!™!, Organ at tisk also limits dose application to the treatment volume.
Individual planning 15 needed to optimize cach treatment by selecting an {rradiation
technigue. beam incidence, radiation quality, dose weight, field size and shape to cuarantee
a ceriain dose and dose homogeneity to cach target volume under optimal sparing of organs
at risk®™. The optimal treatment plan is one, which results in a uniform dose to the target
volume while minimizing the dose to adjacent tissue. The oforesaid curative type palent’s
surface, tissue inhomogeniety and irregular shaped tarcet volume to each target volumes ete
are apparently the prevailing constraints in application of standard isedose data for
calculation of patient’s radiation dose in clinical situations. Radiotherapy without necessary
corrections for those incompatibilities can not provide desired results. Dose required as well
as dose tolerated is different for different target volumes depending primarily on the number
of tissue cells, beam quality. dose distribution and dose application strategy (treatment

planning) ctc. Beam modifications according to the target shape tissue compensator for
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curvature type surface and target tissue density values are essentially desired to mect clinical
dosimetry requirements for adequate and homogeneous dose applications to the treatment
volume. The shaping of treatment fields is primarily dictated by tumor distribution-tocal
extensions as weil as regional mctastases. Not only the dose to vital organs should not
exceed their tolerance but also the dosc to normal tissue, 10 general. should be minimized.
Sometimes, the accuracy and precision in clinical institutions and hospitals are not
maintained within a narrow range . there can be a tendency to avoid normal (issue
complications by lowering the prescribed dose. The consequence is a drastic decrease in the
probability of tumor control!'™The only acceptable solution is improvement of accuracy and

precision so that the right doses can be prescribed and applied.

1.4 Field Irregularity and Dose Distribution

Any fields other than the square. rectangular or circular fields may be termed imegular
fields. These irregularly shaped fields are frequently encountered in radiotherapy practices.
Trregular shaped felds. in fact. appear when radiation sensitive structures are shiclded from
the primary beam or when the field extends beyond the irregularly shaped patient’s body
contour Since basic standard dosimetric data arc available for rectangular or square fields
onty, special methods including several corrections factors are necessary 10 use these basic
data for caleulation of dose in irrcgularly shaped ficlds. For certain speciiic iregular fields,
some special methods are in gencral use. However, iregular fields arc not universal rather it
can be different for different clinical situations. Therefore, several approaches are in
progress for making gencrally applicable mcthods for caleulation of deses in individual

imegular fields.

t.5  Radiosensitivity and Dose Fractionation

Radiosensitivity of cells is very common word in radwtherapy practices norinally
contemplated by the treatment planning team usually comprised of radiation oncologists.
medical physicists, dosimetrists during making a blue print for therapy applications. The
term " Radiosensitivity ™ means the relative vulnerability of cells to be damaged by ionizing
radiation. Radiosensitivity is measurable in ccll survival curves using the capacity of cells to

reproduce following irradiation as the end point. Both normat and malignant tissues have

4
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dilTerent sensitivities, mainly determined by their diiferent prowth rates. This is the basis of
the law of Dergonie and Tribondeau (1904). The biological action of ionizing radiation is
greater where the reproductive activity of the cell is higher. the longer the period of its
mitosis and the less the degree of differentiation . It has been observed that the
radiosensitivity of the rapidly dividing germ cells of the reproductive organs " l'estis or
Onvary 7 is high. fortunatels the cells of a mahgnant tumour of the testis or ovary have even
higher radioscnsitivity. paving the way tor application of radiotherapy to these highly
radiosensitive organs. In contrast, a slow growing soft tissue sarcoma sharcs the low
sensitivity of its parent tissue. However, adequate dose can be applied to the sofl tissue
sarcoma without causing extra dosc burden to the eritical organs by shaping the irradiation
beam as per tumour outline so that irradiation beam sone excledes the vulnerable eritical
organs. The various tissues and organs have a wide spectrum of radiosensitivity, The highly
scnsitive tissues are readify damaged by fairly low doses while the mast radiercsistant
organs can withstand much more higher dose without any obvious radiation induced effects.

Radinsensitivity of different living tissues can he categorized as follows

High - sensitivity

(1} The epithelium of the skin (Epidermis)

(2) The epithehal lining (inner surface) of the alimentary tract .

{3} The cells in the bone mamow which produces the blood celis i.e.. the
haematopoitic tissue.

{4) The reproductive cells of Lhe testis and ovan

Intermediate sensitivity

Liver, Kidney, Lung and many glands.

Less — sensitive

Muscle, Bone. connective and nervous tissues ete, 2"

These radiosensitive organs lying close to the malignant (wmours can be saved from
unwanted exposurce beyond their tolerance level by shaping the radiation fields using beamn
blocks so that it excludes these critical organs and exploiting the dose fractionation facility
as well. Tt is weil understood that different types of tissues respend differently to same

amount of radiation exposure. Dose fractionation exploits this benefit of variable responscs
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of rapidly responding tumours and late responding normal tissues (o jonizing radiation.
Dammage 1o DNA following iradiation is generally repaired over a perod of hours.
However, the degree of repair will vary from tissue to tissue. Slowly responding tissues
{connective tissue and spinai cord) have a greater capacity for repair than tumour tissues as
long a5 the gap between treatment fractions is at least 6 hours, which is the conventional
daily fraction. Since cell killing is logarithmic rather than linear, the differcnce in survival
between normal and tumour cells i mncreased exponentizlly. Idealiv it is preferable to
deliver a radiation dosc over as short as possible within the linits of acute radiation
tolerance Giving radiotherapy in several small fractionated doses at recular intervals during
the day (moitple daily fractions) may help to overcome tumour repopulation. Conversely
excessive prolongation of radical external beam irradiation between two fractions over 7 — 8
weeks may allow significant tumour reproduction *** Dose rate per fraction and numbecr
of fractions 1n therapy completion must alse be taken into account so that possible acute

radiation syndromie can be controlled well.

1.6  Rationality of Dose Risk

It would not be overwhelming to mention here that In routine clinical radiotherapy practices,
radiation deoses can not be lowered to that level so that there would certainly be no acute
radiation syndrome. However, adapting necessary arrangements during rreatment plan. the
radiation doses to the organs outside the treatment volume are ascertained at least
theoretically to a minimum and justificatiable level so that no unwanted radiation effect
could happen. The speeial arrangements to do 80, involves modification of the therapy heam
according o the larget volume in such a manner that organs at risk like: bone marrow,
gonads, bladder, rectum, spine and (! tract etc. would be well spared from the radiation
cxposure while adequate and requisite dose with optimum uniformity could be delivered to
the malignant tumor volume. For radiation protection, an upper limit must be established for
permussible radiation exposures. This limit should be reflected as a risk that is acceptable to
the exposed individuals and to the society in peneral, without depriving society of the
benefits derived from judicious use of ionizing radiation. In addition, it should be recognized
that dose should always be kept as low as reasonably achievable (ALARA}Y consistent with
reasonable costs and convenience without compromising the benefits of radiation to the

societym'b'ﬁj.
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1.7 Measurement of lonizing Radiation

Radiation 15 invisible and thus its presence can not be detected direct!ly, However, ionizing
radiation produces observable effects in medium. through which it is passing. which in wm
can be detected by scveral methods. In fact, measurement of these effects regarding to theuw
to their extent is an indirect and only strategic method of measuring ionizing radiation In
the early days of x-ray usage for diapnosis and therapy, atlempts were made to measure
iomzing radiation on the basis of their chemical and biclogical effectiveness Radiation
effects on photographic emulsions. changes in the colour of some chemical compounds and
reddening of human skin were related to the amount of radiation absorbed. For radiotherapy
purposes, the reddening of skin duting therapy application was related w a radjation unit
known as skin erythema dose (SED) which was defined as that amount of » or y-radiation
that just produces reddemng of the skin. However, this SED unit had many drawbacks and
used as a crude estimation of radiation dose which depends en many factors such as tvpe of
skin, the quality of radiation, the extent of skin exposed to radiation. dose fractionation and
skin reaction characteristics. With a view o avoid the aforesaid uncertainties and to have
muore appropriatc and precise unit for the measurement of iomizing radiation, n 1928 ICRU
(Internattonal Commission on Radiological Unit and Measurement) recommended adoption
of two physical quantitics "Roentgen" as exposure unit and " Rad " as absorbed dose unit.
Although SED has been discarded in favour of ICRU recommended Roentgen and Rad,
radiotherapy establishments having orthovoltage radiotherapy facilitics are still using this
skin erythema as an approximate index of the skin response to the given radiation treatment
and considering reddening of the skin as limiting factor to the delivery_of tumorcidal doses.
However, departments having megavoltage beams with skin sparing facilities must not rely
on observing the development of skin reaction for the assessment of radiation response to

individual treatments.

The quality of ionizing radiation is most ofien expressed in tenms of exposure (its ability to
produce ionization in air) and absorbed dose (the amount of radiation energy imparied in 2

: 67,490,582
medlum)[ ANE2]

The unit of exposure is roentgen which is a measure of the ionization ability of a photon

beam (x or y) in air with photon energy not higher than 3 MeV. This unit "Roentgen" was

7
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originally defined as the amount of x or v -radiation required to produce 1 esu (electrostatic
untt) of charge of either sign in lee air at STP (standard temperature and pressure). The
current definition of the umit "Roentgen” is equivalent 1o 2.58x10™ coulombiky dry air at
STP which is equal to the original definicion if the charge 15 expressed in coulombs {1 esu =
3.333x10™ coulomb) and the volume of air is charged to mass (1 cc of air at STP weights
1.293x10° ke). ICRU-1980 defines cxposure (X) as the quotient of dQ/dm where dQ {s the
ahsolute value of the total charge of the ions of one sign produced in air when all the
electrons (negatrons and pesitrons) liberated by photons in air of mass dm are completely

stopped in air. Mathematically it is expressed as

dg

e
The system International (81) unit for exposure is coulomb per kg {C/ke) of air. It should be
emphasized here that the quantity exposure with its unit "Roentgen" applies only to photon
beam (x or ) 0 an air medium. The exposure is a measure of the ionizatien in air only, and
can not be used for photons having energies above 3 MeV. If the radiation is not a photon
beam e.g. electron beam or if the medium is not air. e.g. tissug, then unit of exposure
"Ioentgen” can na longerr be used. In such cases. another physical term "absorbed dose” is
used which describes the quantity of radiation for all types of ionizing radiation 1ncluding
charged and uncharged pariictes, all marerials and all energics thereby ehminating inherent
limitations in the use of exposure unit "Roentgen” for quantitive measurement of ionizing
radiation. The absorbed dose 15 a meusure of radiation energy being absorbed per unit mass
of the medium. which in tum measures the biologically significant eflects produced as a

result of the absorbed lonizing radiation. The most significant definition of the absorbed

\ ) . de -, .
dose or simply the dose 1% the guotient - where deis the mean energy imparted by
i

ionizing rachatton (o material of mass dm!™). The conventional {old} unit of absorbed dose 15
rad {an acronym for radiation absorbed dose) and represents the absorption of 100 ergs of
energy per gram of the absorbing matenal. Thus we see that, the unit of absorbed dose "rad”
is much more general than the exposure unit "roentgen” since it does not specify the type
and energy of the radiation nor the tvpe medium while exposure is confined enly to photon

(X or y) having not more than 3 MeV¥ and the medium is not air only. As the unit of energy
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varies e.g, erg, joule, ¢V cic.. the umit of absorbed dose also varics accordingly, Thus

1Rad =100ergs/am =10"J/kg

Reecently adopted SI unit for absorbed dose is the Gray (Gy) and is defined as
| Gray =1 J/Kg
Thus the reiationship between gray and 1ad is
1 Gy =100rads =1 I'kg
or I rad = 107 gy.
Smee gray is a larger unit, a sub unit, centigray (cGy) has ofien been used as being
equivalent to rad.

1.8  Standard Field lonization Chamber

Although many different types of measunng systems exist, there is no doubt that the one
which uses an ionization chamber is usuvally the most satisfactory. To overcome energy
related limitations along with other physical problems in using normal ionization chanibar
for measurement of cxposure 1n roenigen. several attempts were made on designing standard
field icnization chamber to thus end. The wall materials uscd in an ionization chamber have
a significant cffcet on the perfomance of the detector. lonization chambers are usvally made
with wall and central electrode materials such as plastics or carbon that have effective
atomic numbers close o those of air or water, A typical ionization chamber is the thimble
chamber with "condensed air walls, shown in fig.1 . Thimble chambers with air equisalent
wall arc in usc instead of free air ionization chambers as replacement for measurement of
exposure in roentgen. The condensed air is actually a solid materal of the same effective
atomic ummber as air but 1000 times air density. This allows the size of the chamber to be
significantly reduced. Since the density of solid air equivalent wall is much preater than that
of the iree air, the thickness required for electrome equilibrium in the thimble chamber is
considerably reduccd. The cap of the chamber is designed to be as thin as possible, but stil
thick enough to establish electronic equilibrium, so that as many electrons are captured as
are reduced released in interactions. In practice, however, a thimble chamber is usually
comstructed with wall thickness of | mm or less and this is supplemented with close fitling
build up caps of Plexiglas or other plastic of different thickness to bring the total wall

thickness up to that needed to establish electronic equilibrium for the radiation in question.
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Air Shel
Saolid Air Shell
AT cavity
B Air cavity

A
Thimble wall

| v Air cavity
Cenkral

Insulator
C

Fig.1: Schematic diagram illustrating the nature of the thimble chamber. A. Air shell with

air cavity, B, Solid air shell with air cavity. C. the thimble chamber Courtesy of F M Khan.

{Physics of Radiation Therapy, 2" edition).

This thimble chamber is basically a condenscr type chamber which is suitable for measuring

exposure rate in air for relatively low energy photon beams (£ 2 McViAlthouph there arc

no basic limitations to their use for higher energy radiation, the design of the stem and

excessive stem Jeakage create dosimetric problems, especially when making measurements

in phantoms. In 1955, Farmer designed a chamber, which provides a stable and reliable

sceondary standard chamber for x and y-rays for all energies in the therapeutic range. This

chamber connected to a specific electrometer (to measure ionization charge ) 15 known as

the Baldwin-Farmer substandard chamber. The onginal design of the Farmer chamber was

modified by Aird and Farmer with a view to have better (flatter) cnerpy response

characteristics and more constancy of design front one chamber to another. This type of

chamber is usually used in almost all therapy establishments with reliable dosimetrie

performances. A typical Farmer with all dimensions is schematically shown in fig.2.

10
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Fig.2: Farmer araphitefaluminum chamber, Neminal air volume 0.6 ml FTCRE
Polytrichlarefluarethylene. Courtesy of F M Khan. (Physics of Radiation Therapy,
2" edition).

1.9  Characteristics of lon Chamber

When a chamber is attempted to use in practical situation for the measurement of cxposure
In roentgen. it is esscntial to examing whether it is capable of fulfilling the following

desirable inhercnt characteristics:

{a). Vanation of sensitivity or exposure calibration factor should be mintmal over a wide
range of encrgics.

(b). Chamber sensitive volume should be suitable to allow measurements lor the expected
exposurcs. The sensitivily {charged measured per roentgen) is directly proportional to the
chamber's sensitive volwne,

(¢). Chamber sensitivity variation should be minimal with the direction of the 1ncident beam.
However, this effect can be minimized by using the chamber in the same configuration as
specified under chamber cahbration condition.

{d}. Stem leakage should be minimal. A chamber is sald to bave stem leakage if it records
ionization produced anywhere other than its sensitive volume.

(e}. It should be evaluated that whether the chamber has been calibrated for exposure against
a standard chamber for all radiation qualities of interest.

(f). lont recombination loss should be minimal which could be a serious problem with high
intensity or pulsed beam!*2°,

li
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110 Exposure Measurement Technique

Exposure ¢an be measured in roentgen with cither a thimble or a Farmer type ionization
chamber connected with appropriate electrometer, whereas Farmer type chamber is usually
assurned to provide more stable and reliable dosimetnic performances. However, each of
them must have an exposure calibration factor N, (say) that is traceable to primary standard
dosimetry laberatnry (PSDL) via secondary standard desimetry laboratory (SSDL) for a
given guality of radiation. The chamber 15 to be placed at the desired point of measurement
with its axis perpendicular to the radiation beam axis as well as the same geomelry as used

during chamber caltbration configuration as shown in fig.3.

Source

+— Coilimator

. "“""""fﬂ """" A }4——— Protective cap

Point of measurcment Ion Chamber

Fig.3: Geometry of exposure measurement with an fon chamber

For measurement in air, the effective point of measurement is usually specilied to be the
centre of the chamber cavity for cvlindrical or thimble shaped chambers. After the
application of the calibration factor, the dosimeter reading will give the value of air kerma at
a point in air comresponding to the centre of the ¢chamber. with the chamber replaced by air
[75.80 E?T.Neccssar}f precautions are to be laken to avind media, other than air, 1n the vicinity
of the chamber. which might scatter radiation. Suppose for a given exposure, the

elecorometer reading is M. This exposure reading can be converted to roentgen as follows:

X=MN C . CC, {2)
wherc Crp s the correction for temperature and pressure, C, is the correction for loss of

lonization as a result of recombination, and Cy is the correction for stem leakage, The
quantity obtained from the above expression is the exposure that would be cxpected in free

air at the point of measurement in absence of the chamber. In other words, the correction for

12
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any periurbation produced in the beam by the chamber is inherent in the chamber calibration
factor N... For low-energy radiation such as applied in the superficial or orthovoltage range,
no build up cap is required with the assumption that at this encrgy range. the chamber's wall
thickness would be sufiicient to provide necessary electronic equilibrium and also at this
energy range. the chambers are usually calibrared without build up caps under the aforsaid
assumption. However, for higher cnergies such as *°Co ¢Cobuli-60Y, a build up cap of luade
or other suitable material is to be used unless the chamber wall is already thick engugh to
provide clectronic equilibrium. In either case. the comection to zero wall thickness is
inherent in the chamber calibration {actor N.. It should be noted that no chamber should be
used for measurement purpose unless its characteristics have not been clearly be evaluated
and found aceeptable ™1, The transfer of energy from a photon beam to the medium takes
place tn two stages The lst stage () involves the interaction of photon with an atom.
causing an electron or electrons to be set in motion. The 2™ stage (b) involves the transfer of
encrgy from the high energy electron to the medium through excitation and ionization. A
quantity called Aerma  has been introduced by ICRU 1o describe the initial photon
interaction characteristics. Kerma stands for kinetic energy stands for kinetic energy

released in the mediam. B™,

: dE,
Mathematically kerma is defined as = -d—’ e )
1)

where £, s the sum of the initial kinctic energies of all the charged particles (glectrons

and positrons) liberated by uncharged particles {photons) in a material of mass dm. Since
kerma is 2 measure of energy per unit mass, its unit is same as for dose i.c., I/Kg and its 8]

unit is gray and its special unit is rad. For photon beam traversing 2 medium, kerma at a

He

point is directly proportional to the mass encrgy transler coefficient Ao e, Koo or
o P,
i, .
K= W[L] where v 1s the photon energy [uence = oL
fu,
13
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The other term, mean mass energy absorption coefficient L s defined as the product of
fo.

L, and (1-g) where g is the fraction of the cnergy of secondary electrons that is lost to

bremsstrahlung in the material. Thus

fe f

o
Therefore K=p——= e T SRS £

(1-¢)

A major part of the initial kinetic energy of the electrons in low atomic number materials

Fon ]= [ﬁ*’_r-]u I — 7

%

like air, solt tissue and water, is expended by inelastic collisions (ionfzation and gxcitation)
with atomic electrons. Only a small part is expended 1n the radiative collisions with atomic
electrons. Only a small part is expended in the radiative collisions with atomic nuclei

(bremsstrahlung). Kerma can thus be divided into two parts

K= K o K e {6}
where K*" and K™ gre the coihsion and radiative parts of kerma.

Hence, we can have K = w[ﬁ}
D

and = [:“_m]{ 8’_} ------------------------------------ (7)
2 Jlt-g

1.11  Refationship between Kerma and Exposure

Under conditions of ¢lcctronic equilibrium, all the kinctic energy relcascd in unit mass of afr
{air kerma) will be absorbed in the air providing none is lost in bremsstrahiung production.

Thus, exposure is the ionization equivalent of collisional kerma in air i.e..

dfl, dE,,
dm  dm

14%
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H.,_
OT Dose inait K, = K5 = X5 e e ()

au ¥
[

Wa, is the average cnergy required to produce one 1omzation(one electron) in air and it is
33.97 eV/electron{an ion pair). If e is the magnitude of electronic charge =1.602x10°7"°

W, ) . .
Coulomb, then — is the average energy required to produce per unit charge of 1onization.
£

v
Since 1 eV = 1.602x10""? joule. then ¥ 3397 1c.

¢
Therefore, Dose in air (air kerma), K, =33.97 FCX(CKg) oo (1)

Kar = 33.97 X.J/Kg SV ———— §

X=w, {”—} {;?} ------------------------------ (12)
p uir oy

But if the cnergy liberated, dE,; is not absorbed then

Dose imair=X, J[ﬁ} f{&]r NS N )
p o p o

p P

(The ratio increases with energy, being approximatety 1.003 for ®Co photons }. It follows
that

The ratio {F”’} f{’u’”” } accounts for the energy lost in bremsstrahlung production.
FH1g orr

Dose intissue =&, Lo f{’[i} S —— T3
p LT 'ﬂ it}

‘ : : : \ ‘
{—‘u ”"} f{-‘i’—’} is approximately 1.10 for sofl tissue over a wide range of photon
LT Hir

g o
CHCroies

and therefore
Dosen soft tissue(Gray) = 1. 10K, (Gray)
= 1.10x33.97 J/C X X{C/Kg}

112 Absorbed Dose Calculation Technique

In any medium the measurement of exposure is the basis for the calculation of dose,
provided the condition for charged particle equilibrivm concept must be satisfied. In the
presence of charged paricle equilibrium, dose at a point in any medium is equal to the

collision part of kerma. Dosc to air under this condition is given by

13



Chapter-f froduction

b, =), Lx e ) )

[

With units this expression can be expressed as

D LJ = X(R)2.38x107 S B _33,9?i S
Kg Kg .
= 0.876.107 i_mdfm".ffﬁg
Ky
D, =08%red (17)

Therefore, under electronie equilibrium, roentgen to rad conversion factor s 0.876,

All dosumetry should spicify the calibration depths or reference depths or reference depths as
reference depths 1n a water phantom at which measurements are made to determine the dose
rstes from y-ray or x-ray gencrators. For *’Co y-radwation, the calibration depth is chosen 1o
be 5 ¢m while for high energy x radiation, the calibration depth is chosen 1o be bevond the
peak of the central axis depth dose curve However, for high energy x-radiation, the effect of
the changein phantom spectrum between 5 and 10 cm depth is small, 50 it would make lirtte

difference in practice when either of the alternative sets of depths is used™ %71,

1.13 Absorbed Dose to any Medium other than Air

The abserbed dose to a medium, other than air can be determined by using the calculated

values of the photon cnergy {luence ¥ at any point in the medium and the weighted mean

masgs energy absorplion coefficient Ko for g given photon beam quality. Suppose ., is
2

the photen energy fluence at the same point when a material other than air is interposed in
the beam. Then, under conditions of electronic eguilibrium, in either case. duse to air is

telated to the dose to medium by the following relationship:

Dot _ [“‘”—] I[L] A (18]
D”" 2 st £ o

16
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Where A=W .0y 15 the ratio of photon energy Muence in two media and is termed as
transmission factor.

. X

We know that o, =—

ol

Ei

Thus. umu,:i[ﬁ EL} A
€ p Mt p e

. we express exposure X 10 roentgen and Doeq in rad, we have

Dy = {J.H?ﬁ{ﬁﬂJ f[&] XA een(19)
'ﬂ mind p P

The quality in brackets has frequency been represented by the symbol fi.4 50 that

Doy = frua XA T

Where f

[l

‘ U, . . . . .

, = / "’"] f{-‘“ﬂ .876 . The quantity . or simply the f-factor is
£ nredd F o

somctimes called the roentgen to rad conversion factor. This {15 a function of the medium

composition as well as the photon beam energy.

1.14  Measurement of Dose from the Exposure

In the casc of low energy x-ray beams in the superficial or orthovoltage range, the ion
chamber walls are thick enough to provide necessary electronic equilibrium and thus. in this
cnergy range the ion chamber is usually calibrated without build up cap. However, in the
case of high energy photon heams such as **Co, a build up cap is used over the sensitive
volume {amr} of the chamber so that tbe combined thickness of the chamber wall and the
build up cap provide the required electronic equilibrium. Let the chamber be exposed to the

beam with geometry as shown in fig4 : alb)e)
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Chamber with
build-up cap

Equilibrium
mass of tigsue

() (b (c}

Fig.4: {a} Chamber with build up cap is placed in a radiation beam at point p i1 air,
(b} expasure in free air at poimnt p, {c) dose in free space at p. Courtesy of F &M Khan
{The Physics of Radiation 1herapy, 2™ edition )

From the set up in fig4{a) suppose the reading M is obtained after necessary
corrections{correetion for lemperature. pressure and stem leakage ete.). The roentgen "X" {s
then given by

X=M.N, S— § b
Where N, is the exposurce calibration factor for the given chamber and for the givenbeam
quality. The exposurc thus obtained is the exposure at point Plcenter of the chamber
sensitive volume) in free air in absence of the chamber fig4{b). Tn other words. the
perturbation inflluence of the chamber is cancelled out when the chamber calibration factor is
applied. Again let us consider that a small amount of sofi tissueat point Pis just large enough
to provide electronic equilibrium at its cente fig.4{c). The dose at the center of this
equivalent mass of tissue is referred to as the dose in free space. The term dose in free space
was introduced by Johns and Cunninghum who related this quantity to the dose in an

[5.10,38]

extended tissue medium by means of tissue air ratio . In order to conver the exposure

into the dose in free space, the following equation can be used:

‘D_F’,'u = -lr:'L'rvr.eX‘A;q --'--------------"________{22)

Where A.qis the (ransmission factor including the ratic of the photon energy Muence at the

WJ 'YL

center of the equivalent mass of tissue to that in free air at the same point i.e., A, =
w Fregirr

For ¥'Co heam Ay is close to 0.99 which approaches to 1.00 as the beam energy decreases
to orthovoltage level3234, Equations X=M.N, and Dy; = fijsse. X. Avy provide the basis for

gt

1
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absorbed dose calculation in any medium from exposure measurement in air. This procedure
is vahd when the exposure measurcment is made with the chamber imbedded in 2 medium.
Similar arrangement can be simulated in which the chamber with its build up cap is
surrounded by the medium and exposed (o a photon energy fluence ', as shown in fig.{a) at

the center of the chamber{point p).

19
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21 Review of the previous study _ ———

V.0. Parthiban et al. **1 performed an experiment on “ Dosimetry of blocked beams and its
comparison with empirical relations” The primary objective of this study was to find out the
dose distribution of blocked beams which are routinely used in day to day practice like
corncr shielding. central shielding. quarter or half shielding beams, mverted-Y, mantle field,

etc. {n this study beams werc blocked with lead shielding. Field sizes of ISXIS::mZ,

20220cm” were taken and above mentioned blocked beams were formed. Dose measurad in
watcr phantom at 3cm depth with 0.6ec Farmer type ionization chamber. For the calculation
with Clarkson’s method radii were drawn from the pownt of calculation to divide the field
into an equal interval with sector angle of 10°. Dose in Clarkson’s method was little higher

than the measured and calculated by empirical relation used in this study. The dose accuracy

of emprical relation was wilhin £ 2%.

Paparikolaou N ¢t al. (58] carried out research on “A study of the effect of cone shielding in
intrapperative radiotherapy” In this study they irradiate the intraoperatively determined
tumour target volume with a single fraction of tumoroidal dose while minimizing the dose to
all adjacent healthy tissues to found the primary goal of intraoperative radiation therapy. To
reduce dose oulside the trcatment volume, leads sheets were often used to cover the external
surface of the cone tip thus providing a shiclding for the tissues out side the field. In ths
study the effect of the shielding on the depth dose distributions and dose profiles at different
depths is studied based on experimental data. The cones varied in size havening diameters of
Sermn, 7em and Serm, and the electron energies ranged from 6 MeV 10 22 MeV. The depth
dose curves and dose profiles (at two different depths in the phantom) were measured and
computed with and without the lead shielding for the various combinations of cone sizes and
clectron energies nsing a water phantom to simulate the patient. 1t was found that the
presence of lead increases on average across the (reatment area the dose to the tumour from
2% up to 3%, while the dose outside the cone reduced by as much as 75%. Both

measurement and calculations were found to be in agreement.

Niroomand-Rad A ct al, "™ performed an experiment on “Effect of field wregularities on
the dose distribution of 4MV photorn beam”™. In this study they found out the strong
P

dependence of dose distribution of the irregularly shaped fields on the shape of feld

21
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LT T - oy - ALY
iregularities. The effect of field irregularities on the uniformity of the dose distribution of a

4MY photon beam was found significant. The uniformity index ol the blocked licld which is
a measure of the dose uniformity of the [ield had been compared (o its comresponding
unblocked to field. The measured and computer calculated dose are compared for points
with | and 2cm from the cdee of the [ield irregularities at the depibh of 10cm. The

discrepancies between the computer calculated dose and the measured dosc were in

agrecmeit,

Paliwal BR et al. ¥ carried out a study un “Evatuarion and qualiry control of a commercial
3-D dose compensator spstem”. In this study a commercially available sofiware/hardware
system for automated design and fractionation of three dimensional dose compensator molds
had been tested for accuracy and precision as well as for its ability to provide adequate dose
compensation at depth, In 19 head and necck patients (38 compensators) the use of
custornized compensator resulted in an average reduction of dose variation in the tarpet
volume from 13.8% (range 7%-21%) with uncompensated parallel oppesed fields o 4.5%
{range 2% - 7%) with custom-compensated parallel opposed fields. A similar reduction was
seen in the dose variation across lung tumor volumes. The custom compensator were also
tested for accuracy of fabrication and positioning; both were found to be accurate within
+1mm of the design specifications for all compensator tested. Last, the dosimetric properties
of the compensators were studied. The ratios of open-beam dose profiles to measured
compensated beam dose profiles were compared with the ratio of similar profiles calculated
with a trcatment planning system. The ratios were equal within +2- 9%. thus providing

evidence ol the (idelity of the compensator o 1ts destgn and the accuracy of the treatment

planning algorithm.

Harunar Rashid et af. ™™ worked on the “frvestigation of doses in irregular fields usually
encountered in routine radiotherapy practices”. For lhis purpose, 14 1regular fields were
simulated in solid acrylic phantoms, of which 10 were used in the investigation of doses for
photon beam from *°Co teletherapy unit and the rest 4 were used in the case of 6MV photon
beam from Linac-Mevatren 7445, The averaged of the mean percentage differences with 1sd
between directly measured dose values at those points in open fields for S9C0 and for 6MV

Linac-Mevatron 74435 were 6.85% £ 3.08 ({range 2.59% - 11.62%} and 4.04% + 1.50 (range
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1.34% - 7.04) respectively. The mean value of the coefficients of corrclation (r) between the
directly measured dose values in irregular fields and the caleutlated dose values in the
corresponding ficlds of *°Co and 6MV Linac-Mevatron 7445 were 0.9929 £ 00034 and
0.949 + (.06 whilc this value was 0.935 + (44 when BIF was used n place of off axis dose
ratios in Day’s dose calculation formula. The averaged of the mean differences with 1sd
between directly measured dosc values and calculated dose values by Day’s methed in the
case of ""Ca were 1.39 £ (.49 (range 0.02% - 4.16%) and 4.20%+ 1.05 (range 0.02% -
12.77%) for *"Co while 2.63% + 0.75 (0.59% -5.55%) and 2.1% + 0.23 {range 0.02% -

5.6%) for 6MV Linac respectively.
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2.2 Literature Review

2.2.1 Photon Beam Dosimetry

Photons are indirectly ionizing, that is they bring about their ionization by a two-stage
process. In the first stage, they interact with matler to produce electrons {and positrons) and
these charged particles then produce jonization along their tracks. The energy transfened
from the photon beam to the iradiated material depends first on the photon interaction
coefficients of the material, These coeflicients vary rapidly with photon energy, and for
most interactions, with the atomic number of the matenal. in radiotherapy, treatment beams
contain hot only the relatively high-energy photons from the target but also a combination of
photons and electrons scatercd from the collimation systemy. Jaws, flatteners, nieniter
chambers, wedges. blocks, and even trays produce rclatively low-energy pholons and
electrons that "contaminate” the photon beam. This scalter from the collimation system s
always present. but the amount reaching the patient increases as more of the surlace area of
the jaws is "visible” at the patient location. Therelore, as ficld size increases, tha scatter
component of the beam increascs. Since scattered photons arc lower in energy than the
initial photons and since the electrons produced are easily stopped in tissue, the depth of dpa
tends to decrease somewhat as the field size increases. in fact, in a ““Co beam the surface
dose can be as much as 110% of the dose at dpyay just because of this unwanted radiation
froimn collimator scatter of very large fields'"!, The common abbreviations used in treatment
planning of photon bcams are discussed bellow:

Dose and distance terms

Tneident dose {ID) is delined as the dose to the depth of maxiinum dose (dma} in tissue. The
depth of d. depends on beam encrgy and field size. Generally, the greater the energy, the
greater the diay JAlso, the larger the [eld size, the smaller the dn. . Although  diag for 2

given beam is not truly constaat, in clinical usage it is considered to be constant.
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Fig.5: Depths and distances are afl measured along the central ray. The field size is defined
at the skin or phantom surface, at the S5D. [t can also be defined at the axis when SAD or
isocentric technigues are used.

The fig.5 illustrates the common abbreviations uscd in treatment planning and patient setup.
The distance from (he source to the skin of the patient {or the phantom) is called the source
o skin distance (85D). The size of the radiation ficld at the surface is called the field
size({s). The distance from ihe to the point P; is the source to axis distance (SAD}. The two
points of interest in the phantom, Py andP;, are located respectively at the depths of diy. and
the center of the tumor, d. The ahsorbed dosc at these two points will generally be 1T and
D{dese at depth, d ), respectively. Both of these points arc on the central beam axis, called
the central ray {CR}. In general, simple calculations in patient dosimetry are performed for
points on the central ray. Points not on the central ray are called off-axis pointst .

In fig.5 the dose at point E long the CR is called the exit dose. While it may seem
inconsequential here, the exit dose is sonietimes a limiting factor in the use of very high-
energy photon beams. In fact, in early clinical work with betatron x-ray beams, radiation
oneologists were some times surprised by skin reactions on the exit rather than entrance side
of their patients. For example, a patient of 20 em thickness irradiated to the mediastinum
with a 20MV photon beam could receive a skin dose aboul 1-20% of the dose at dmax. while

the exit dose at 20cm from the patient's [ront side surface would be about 53%. With a drma
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dose of 70 gray, skin at the exit point could receive a tolal of 37 (v wath only 7-14 Gy given

to the skin at the entrancel .

Qutput Factor

Quiput of therapy machines is measured in R/min n air (or coulomb/kg/min in SI units) for
low encrgy X-rays and “"Co beams. For linear accelerator beams, however, the output is
expressed in ¢Gy/{rads) at dy i phantomn per monitor unit {mu}. The cgy/mu or rads/mu
for a given therapy beam varies with the field size. The larger the field. the greater the
output per monitor unit for linear acceleratver beams and the output per minute for g
machimes The reason is that as the field sire wncreases, the amount of radiation scariered
back 10 dpae by the phantom or patient also wnercases, [here is also increased forward
scatlering by the jaws and change in backscattening to the monitor chamber. The factor that

describes these efiects i3 the ficld size correction factor (Cy) and is defined as follows:

Dose at dy,,, for a field size (fs)
Daose at dya for a standard field size {c.p.10>10]

Where the held size is f5 and 10cm =10cm is the standard ficld size. Cg values vary with
field size for different energy of clinical photon beams. The output factors are normalized to

a 10 em = 10 cm feld size (i.e. Cyis 1.00 for the 10 cm = 10 cm field size). Field sizes less

than 10 cm % 10 cin will have Cy; values greater than 1.

The shape of the Cy., curve varies with energy and also with manufacturer. Therefore, 1t must
be measured for every treatment unit For any given machine. Cg is valied as a function of

field size (or jaw) setting no matter what the clinical 557 [,

Equipment Attenuation Factors

Any device that intercepts the treatment beam attenuates the beam, reducing the dose to the
paticnt. Blocking trays and treatment tables are examples of such devices. Any calculation
of time or MU to deliver prescribed doses must lake this altenuation into account. The factor

that corrects for this attenuation of the device 15 called Cyy,:

Dase with device in radiation beam

Can = 5 . .
A Daose without device in radiation beam
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Lo
Cam is constant lor each device and beam quality is related to field size and depth of

measurement to only a minor extent, For example. in a 6 MV beam, introdveing a 06 cm
thick trav reduces the beam intensity by 3%. Because the transmission factors depend (o a
minor on field size and depth of measurement. data should be taken at the same depth and
field size. e.g., 10 ¢cm depth and 10 cmn = 10em field,

Treatment table Can 15 also imporiant in treatment calculations. Ofien the construction of a
treatment lable is non-uniform. There may be heavy bars only at the sides or only at the
sides or only in the middle of the patient table. Usually these support structures should be
avoided in patient treatment ; howcver, sometimes this is impossible. Rotattonal treatment
requires the beam to hit the bars at some points in its motion. In these cases, trcatment
calculations are often performed. ignoring the presence of the bars in the isodosc

distribution; (he bars are then accounted for using the average attenuation of the table Gl

Patient Attenuation Factor

The patient or phantom [actor is a significant factor in dose calculation. Like, BSF, the
factors (hat describe beam attenuation by the patient are dependent on beam energy, seatter,
and beamn geometry. The most common parameters used to quantify attenuation are depth
dose (DD, tissue-air ratio (TAR) and tissue maximuim ratic {TMR). As depth increases in a
patient or phantom, all of these factors get smaller, because of greater attenvation; i.e., there
is more tissue to ahsorb the radiation. Alse, if the field size increases but other parameters
remain unchanged, these attenuation factors all increase because of greater scatter within the
patient. Even though DD, TAR, and TMR are related, their values and the way in which

they are used are quite different "'

Photon Energy and Electronic Equilibrium

The concept of exposure is confined to the photon beams in air and has an importance n
radiotherapy. Its advantage in radiotherapy lies in fact that both the measurement of
exposure in air and ils conversion to absorbed dose in tissue is relatively casy"" A free
air or standard ion chamber is an instrurnent used in the quantilative measurement of
exposure in the unit of roentgen. According to the definition of roentgen, the electrons
prodnced by photons in a specified volume must spent all their energies by jonization in air

enclosed in the region of ion collected and the total ionic charge of either sign should be
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measured. However, some electrons produced in the specified volume may deposit their
energy outside the region of ion collection and thus may not be measured. On the other
hand, electrons produced outside the specified volume may enter the ion collecting region
and produce ionization there. Under the above circiumstances, if the 1omzation loss s
compensated by the ionization gained. a condition known as electronic equilibnium exists
[333780 The definition of roentgen to be effectively satisfied, electrons produced by the
photon bearn in the chamber air or as volume must spend all of their energy by iomzation of
air or gas molecules in the chamber Such a condition can exist only if the range of the
electrons liberated by the incident photons is less than the distance between the collecting
electrodes across the chamber gas volume. In addition, for electronic equilibrium to cxist,
the beam intensity {photon fluence per unit time) must remain constant across the length of
specified gas volume. Accurate measurement of exposure according to the definition (o its
unit "Roentgen” requircs a considerable care. A few comrections that arc usually applied
include: {a) cortection for air or gas attenuation (h) corrections for recombination of 10ns {¢)
corrections for the elfects of temperature, pressure and humidity on the density of air or gas
and (d) correction for ionization produced by scatiered photons. There arc limitations on the
design of a standard chamber for the measurement of exposure in rocntgens for high-energy
photon beams. As the photon energy increases, the range of the ciectrons liberated in air ot
gas also increases rapidly. this necessilates an increase in the separation between the
colleeting electrodes especially in free air ion chamber to maintain required electronic
equilibrium. Too large a separation, however, creates problems of non-uniform electric field
and greater jon recombination. Although the separation can be reduced by using air (gas}) at
high pressures, the problems still remain in regard to air attenuation, photon scatter, and
reduction in the efficiency of ion collection. Because of these problems, there 1s an upper
limit on the photon energy above which the roenigen can not be measured accurately. This
limit has beert observed to oceur at ahout 3 MeVI®! One must realize that the exposure is
not exactly appropriate for use in radiation dosimetry, since one is rarely concerned about
' the ionization capacity of a photon beam in air medium. However, in terms of actual
measurements, electrical charge or current can easily be measured accurately with Fairly
simple apparatus. Therefore, the unit roentgen is still used for photon beam with energy less
than 3 MeV[23,41]. Free air ion chamber satisfactorily fulfills the requirements for the

measurement of exposurc in roentgen according to its definition but it is too delicate and
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bulky for routine use. Its main funetion is in the primary standard dosimetry lzboratories

where it is used ouly for calibration of secondary instruments designed for field use such as

a thimble chanber.

2.2.2 Geometry of Photon Beams

2.2.21 Photon beam collimation and shaping

‘The broadened, symmetrical. and flat photon beam is collimated for treatment using a
combination of two pairs continuously movable jaws in the head of LINAC or teletherapy
unit, known as the upper and lower jaws, The jaws provide a rectangular opening ranging
from 0x0 cm® to the maximum fictd size of 40x40 cm® at a distance of 80 cm from the
source. The collimator is usually made of a single block of tungsien, depleted uranium, or
lead, which allowed less than 5% transmission of the radiation beam. Some LINACs have
mote flexibly designed devices such as asymmetnie (or independent) jaws. These are pairs of
x-ray collimators that can move independently, That is one jaw can be moved to the midline
or even across it while the other jaw is still open. Substituting for jaws, a yet morc complex
development {s the multi-leaf coliimator, which is made of many stats of metal that can

move independently to shape a field much in a manner similar to custom-made blocks.

Shiclding of vital organs within a radiation field is one of the major concems of
radiotherapy. Considerable time and efforl are spent in shaping fields not only to protect
eritical organs but also to avoid unnecessary irradiation of the surrounding normal tissue.
Skin sparing is an important property of megavoltage photon beams, and every effort should
be directed to maintaining this effect when irradiating normal skin. The shaping of treatment
fields is primarily dictated by tumor distribution —local extensions as well as regional
metastases. Not only should the dose to vital argans not exceed their lolerance but the dose
to normal tissue, in general should be minimized. As long as the target volume includcs,
with adequate margins, the demoenstrated tumor as well as its presumed occult spread,
significant trradiation of (he normal tissue outside this volume must be avoided as much as

possible.

Shielding blocks are most commonly made of lead. The thickness of lead required to

provide adcquate protection of the shielding areas depends on the beam quality and the
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allowed transrmssion through the block. A primary beam transmission of 5% through the
block is considered acceptable for most clinical situations. 1f n is the number of hatf-value

lavers to achieve this transmession,

|
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Thus a thickness of lead berween 4.5 and 5.0 half-value layers would give less than 3%
primary beam transmission and is, therefore, recommended for most chinical shielding.

Shielding against primary radiation for superficial and orthovoltage beams is readily
accomplished by thin shects of lead that can be placed or molded on the skin surface.
Howcever. as the beam energy increases to the megavoltage range, (be thickness of lead
requircd for shielding increases subslantially. The lead blocks are then placed above the
patient supported in the beam on a transparent plastic tray. called the shadow tray. Although
the primary beam transmission can be reduced further by using extra thick blocks, the
reduction In dose in the shielded region may not be that significant due to the predominance

of scattered radiation from the adjoining open areas of the field.

The only possible field shaping through the collimators of the therapy unit is square or
rectangular shapes. Most target volumes, however have more complicated shapes than that.
Secondany held shaping is therefore necessary. A tray can be attached to the collimator onto
which secondary beam-shaping blocks are placed. Such blocks are usually consist of lead

bricks which have a thickness of S HVL, so that they transmit about 3% of the dose (241
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2.2.2.2 Photon Beam $Shaping Blocks

The shiclding blocks in radiation [elds have important clinical application. Diverging
blocks made with lead alloys compensate lor the geometric divergence of the beam.

Ideally, the blocks should be shaped or tapered so that their sides follow the geometric
divergence of the beam. This minimizes the block transmission penumbra (partial
transmission of the beam at the edges of the block). However, divergent blocks offer little
advantage for beams with large gcometric penumbra. Divergent blocks are maost suited for
bearns having small focal spots. Since the sides of these blocks follow beam divergence, one
can reduce the luteral dimensions by designing the shields for designing the shields for

smaller source-to-block distances without increasing the block transmission penumbra.

Diverging blocks can be made in an unlimited numbe: of shapes and can match beam
geometry. The blocked width on the skin surface can be determined applying the

relationship

Obiect size Imaee size
S5TD 88N

Where STD = Source to Tray Distance
SSD = Source to Surface Distance

For instance, if a block obstruct a 2em>4 em at the blocking tray then the blocked area on

the patient’s skin at 100 cm SST can be found by applying the above relation as

2em Xeom

G5omSTD B 130 cmSSD

X =3 1cm

The projected blocked dimension of the width. 2 em, will measure 3.1 cm on the patient,
shown in fig. 6. Similarly, the length, 4 em, will be 6.2 cm.  The converse should also be
true- if one knows the dimensions that require blocking on the skin surface, then the actual

size of the blocks on the tray should simply be proportional to the ration of STD to 55D,
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Blocking tray .
2 cm of light seen an

lead block

/ ) 3.1 cm shadow seen on

Skin surface \ \ patient’s skin
Table \C_r

Fig.B: The width of the light field visuatized on the block is directly propurtional
to the visualized dimension on the patiznt’s =kin,

Customized shielding using metal allows with diverging cdges is a method of beam block
construction where the edges of the blocks conform to the beam geometry. When orienied
correctly, penurubra and the potential for partial beam transmission are greatly reduced as

seen in fig. 7(a). The custom block system uses a low melting alloy,

Diverming block ——= .-" < Mon-Diverging
/ Block

Tray =

Fig. 7(a): Beam blocks The standard, non-diverging block is shown on the tray at the right, A diverging block
is shown on the left. The diverping block conforms with the beam divergence and produces a crisp block

shadow on the film. The standard block has pactial transmission of the beam at the edge, which will result in

tnore penumbra on Lhe image.

L]
]
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Fig. 7{b): The plot of the beam intensiny demonstrates the advantage of the diverging
gver the non-civerging block

Lipowitz metal (brand name, Cerro bend}), which has a density of 9.4 gfem” at 20°C (~83%
of lead density). This material consists of 50.0% hismuth, 26.7% lead, 13.3% tin, and 10.0%
cadmium. The main advantage of Cerro bend over lcad is that it melts at about 70°C
(compared with 327°C for lead) and, therefore, can be easily cast into any shape. At room
temnperature. it is harder than lead. The minimum thickness ol Cerro bend blocks required -
for blocking is calculated using its density ratio relative fo lead In the megavoltage range of
photon beams, the most commonly used thickness is 7.5 em . which is equivalent to about 6

cmm of pure leadl’!).

2.2.3 Exposurein Air and Medium

Exposure is a guantity expressing the amount of ionizalion caused in air by X- or v-
radiation. Onc exposure unit or X-unit is defined as that quantity of X or y-radiation that
produces ions in air carrying 1 coulombs of charge {of either si gn) per kg of air (i.e. X-unit=
1 C/kg air ). A roentgen (R) is an exposurc of x- or gamma radiation such that the associated
corpuscular emission {i.c.. ions — electrons and positive atoms or molecules) per  0.001253
eram of dry air produces, in air, ions carrying 1 electrostatic umit of charge {esu) of either

sign. [Tn ST units: 1 roentgen = IR =2.58 X 10 coulomb / kg of dry air)].

Air has a density of 0.001293 g/ce and is defined very much tower than that of tissue like
material. Hence the intensity or exposure fate at different distances can be calculared purely

by inverse square law with out considering attenuation by the air medium. For example, 1
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em of lissue like materiab will absorh approximately 5% of the MCo radiation while the
equivalent thickness of air will be 1/0.001293 = 775 cm. For the normal distance used in
eadictherapy units, 80 em means a little bit more than ().5% of absorption for "o beam. For
low energy beam, say with a imm Al HVT, the attenuation per cm of tissue material is
about 30%. With the normal operating treatment distance of 50 cm or less, the atienuation
due to the air medium is in the order of 201640701 A low attenuation means few photon
interaction in air. hence there will be very few scattered photons originated in the medium
between the source and the point under consideration. At the same time. Since very few
photon interactions oceur within the air medium, there will be very few secondary electrons
produced. Consequently, the air medium excepl very low cnergy photons and a very large
distance could be considered as an empty when considering scattered photons. electron
74

contamination and attenuation of X- or y-ray beams I However. in the case of tissue

like material, the picture is quit different. All the eflects mentioned above play important
roles in dosimetry. When a beam of photons incident on the surface of a largc tissue like
phantom. placed at a distance of SSD {Scurce to Surface Distance) away, some of the
photons will interact with the phantom material and gencrate high speed electrons. The
absorbed dose in the medium due to the deposition of energy from these electrons along
their track through the medium. An electron will deposit all its energy within its maximum
range and (hus the effect of an electron in a medium can be represented by a line equal to the
length of its maximum range. The absorbed dose at a depth in the medium depends on how
many of such tracks are crossing that level. The clectron tracks at the surface of the phantom

generated due to photon interactions with the phantom material can be depicted as shown in

fig.8. Tissue-Like Material
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Fig.8 : Electron tracks in a medium.
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For simplicity, all the tracks are shown at the direction of the radiation beam. 1f the number
of teacks at different depths are counted, one will found that the number of tracks start olf
from O at the interface and 1ncreases with increasing depth. to a maximum at a depth equal
to the electron range. The number of tracks remains constant from there on. Scattered
photons are produced in the phantom: some of them will produce electrons in the backward
direction’®™ 3 The curve rcaches the maximum value at about the same depth, and then
starts decreasing. The decreasc is due to the combined effect of nverse square law and
tissue attenuation. The cffect of the absorbed dose increases from a low value at the surface
to a maximum at 2 cerrain depth is called the build up effect. and this region of increasing
dose js called the build up region. At the position of the maximum, electronic equihbrivm is
said 1o have been achieved, which indicates to the fact at this position, the electrons entering

a small volume are equal to the number of electrons leaving the volume.

2.2.4 Bragg - Gray Theory

It is already mentioned that calculation of absorbed dose is subjected to some major
limitations like: it may not be used for photons above energy 3 MceV and may not be used in
cases where electronic equilibrium dose not exist ¢te. Furlher to this, the term exposure
applies only to x and y radiations and for that reasons the above mentioned methods are not
valid for practical dosimetry. The Bragg-Gray theory, on the other hand , may be used with
such restrictions to calculate dose dircetly from ien chamber measurements in a medinm.
According 1o Bragg-Gray theory, the ionization produced in a gas-filled cavity placed in a
medium is related to the energy absorbed in the surrounding medium. When the cavity is
sufficiently small so that its introduction into the medium does not alter the number or the

number or distribution of the electrons that would exist in the medium without the caviry,

then the following Bragg-Gray relationship is satisfied**** #41,
E § LT}
Do = Jg.—e-.[—] T £
£ £

Dpeq is the absorbed dose in the medium(in absence of the cavity}, Jg is the ionization charge

— - el
of onc sign produced per unit mass of the cavity gas, and [_-E ] Is a weighted mean ratio of
7

the mass stopping power of the medium to that of the gas for the electrons crossing the
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cavity. The product of J.(W/c) is the energy absorbed per umit mass of the cavity gas. The

conditions which must be fulfilled for its validity is that the detector{chamber) should be

such that the fluence of charged particles entering the chamber cavity should be the same as

(1]

that present at the same position in the undisturbed medium This Bragg-Gray

relationship has been modified by Spencer and Athix and uses the following

[32 33

relationship

—_— o — M
WL
D= Jg.—[—] ISP .7 )

med e 0
4

L. . - :
Where [—] is the average restricied mass collistonal stopping power of electrons
fu

2.2.5 Tissue Equivalent Phantom

It is scldom possible to measure dose distribution directly n patients treated with radiation.
Dose distribution are almost entirely derived from measurements in phantoms- tissue
equivalent materials, usually Jarge enough in volume to provide full-scatter conditions {or
the given beam. Tissuc equivalent phantom materials are those whicl behave in much the
same way as the body tissues when irradiated. From the analysis of the absoTpLion processes,
it is clear that a phantom material must have an effective atomic nuniber very close to that of
the tissue it simulates because of the dependence of photoelectric absorption and pair
production processes on atomic number Z, an electron depsity close to that of the tissue
simulated because of the dependence of the Compton scaltering process on the number of
electrons per gram, and because spatial measurements are to be made in the phaniom
material the density or specific gravity should be as close as possible to that of tissue
simulated®  Dose discribution are usually measured in a water phantom which closely
approximates the radiation absorption and scatiering properties of muscle and other solt
tissues. A water phantom. however, poses some practical problems when used in
conjunction with ion chambers and other detectors which are affected by water, unless they
arc designed to be waterproof. Since it is not always possible to put radiation detectors in
water, solid dry phantoms have been developed as substitutes for water. Ideally, For a given
material to be tissue or water equivalent, it must have the same effective atoemic nmumber,

number of electrons per gram, and mass density. However, since the Compton eflect is the
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most predominant mode of interaction {or megavoltage photon beams in the clinical range,

the necessary condition for water equivalence for such beams is the same electron densiry

{number of electrons per cubic centiineter) as that of watet,

2926 Transfer of Absorbed Dose from one Medium To another

Although water is the primary reference medium for dose calibrations, other media such as
polysryrene and acrylic are frequently used for dose measurements. If a plastic phantom is
nsed for calibration. the absorbed dose to the plastic should first be caleulated and then
transferred 1o absorbed dose (o water. Further transfer of this dosc to absorbed dose 1o tissue
is considered as part of the treatment planning procedure and of the basic calibration.

The dose to any medimm is related to dose to water by the following expression:

D'M.'h:- = Dmm:f [ﬁ} - - m—— -‘(25)
Je.

el

provided the spectral distribution and encrgy [luence of photons at the point of measurement
in the medium is (he same at a comparahle point in water. Becanse of the electron density
{electrons per cubic centimeter) differences between plastic phantoms and water, additional
corrections for effective depth, geometry, and scatter are SometMes NECESSATY. In the case of
polystyrene, these corrections are significant, since the electron density of polystyrene is
very close to that of water. However, the clectron densire of acrylic is significantly higher
and therefore significant corrections are required when acrylic phantoms are used for

dosimetry.

Suppose D ... {d",#,55D) is the dose measured in a plastic phantom at the central axis of a

beam where d' is the depth, r is the feld size at the surface, and S8 is the source-surface

distance. This dose can be transferred to dose in water by the following relationship:

— waler 2 TAR(F
D or (d,r, SSD} =0 (dr,?‘.SSD}{ Hen ] .[SSD +d ) (rd, r.'f] e (26)
ol

2 SSD+d } TAR(#,.d)
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where d is given by

! f”.r.ll'n:l'.rlr.
= o, —’ Y
I'EI'II.ZTI'I.nI
ry = r,ém—-bd and ) =l
SSD 2.

E is the mean attenuation coefficient of the beam and g, is the electron density of plastic

relative to that of water. In the megavoliage range where Compton effect is predominant,

rst may be approximated by g, . In the range of clinically used megavoltage beams, the

i

o

T

' -l'“ il - -
ratio =2 s close to 1.01 for polystyrene and 1.14 for Lucite,

-'E"II LLe Ny

The SSD correction in equation (2) is necessitated by the shift of the point of measurement

in the plastic phantom to the comesponding point in water. The term involving the ratio of

TARs {or TMRs) corrects for differences in scatter between plastic and water for the same

geometric field.

2.2.7 Scattering Effect in Radiotherapy Practices

The exposure at the surface of a phantom ot any medium other than air is substantially
greatcr than the exposure at the same point if no phantom or medium were present.
Therefore, phantom or other media material 15 responsible for scattering of rachation back 10
the surface and this contribution is known as back scatter at the point where the beam axis
centers the phantom or other medium is expressed as percentage of the contribution duc to
primary radiation and is lermed as percentage back scatter. This percentage backscatter
increases with the area of the field irradiated and with the thickness of the underlying
tissues. The amount of back scatter is larger for comparatively [ow energy photon beam and

decreases with increasing beam energy!™.
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2.2.7.1 Dose Build up

At megavoliage energies, the scattered radiation is morc in the loNowing direction and gives
rise to less scattered radiation outside the edges of the beamn. This cffcct is evidenced i the
isodose charis of orthovoltage and megavoltage photon beams. Analysis of Compton
scattering alsa shows that the receil electron is grected more in forward direction with
increasing kinetic energy and the range of recoil electron in erthovoltage is extremely small
but in the casc of megavoltage, the range of recoil electron is comparable and thus there is
an initial buld up of dose which becomes more and more pronounced as ihe cnergy v
increased In the case of orthovoltage or low energy x-rays, the dose builds up to a
maximum on or very close to the surface. But for higher enmergy beams, {he point of
maximum dosc lies deeper into the tissue or phantom. The region between the surface and
the point of maximum dose is called the dose build up region. A simple explanation to this
effect is that excessive thin layer of tissue produces fast electrons, which in turn deposits
their energy in several layers of tissue beyond their point of origin. Although kerma 1n these
layers is constant, the energy deposited in each layer {absorbed dose) depends on the number
ol electrons passtng through the layer, and the number increases as each layer adds electrons
to the electron Mux from the preceding layers. This increases until the electrons releascd
only replaced those, which have come to the end of their range. The dosc build up thus
reaches a maximum at a depth determined by the range of the electrons and therefore by the
energy of the photon beam. In practice, the kerma is not quite constant but falls as the
primary radiation undergoes absorption and attenuation, with the result that the depth of the
dose maximum is slightly less than the maximum range of the secondary electrons The
depth of the peak in centimeters is appreximately a quarer of the x-ray energy in megavolls
(2 cm at 8 MV etc), “9Co being approximately 5 cm higher cnergy beams have greater
penetrating power and thus deliver a higher percentage depth dose. If the effects of inverse
square law and scattering are not considered, the perceniage depth dose variation with depth

is governcd approximately by exponential adenuation. Thus the beam quality affects the
percentage depth dose by virmue of the average attenuation coefficient ¢ which when

decrcases, the more penetrating the beam becomes, resulting in a higher percentage depth

dose at any given depth beyond the build up region.
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2.2.7.2 Skin Sparing Advantage

As high-energy photons enter a patient or phantom, they set electrons into motion, primarily
through Compton interactions. In such interactions, the motion of the Compton electrons is
predominantly in the forward direction, so there is a net flow of electrons deeper wnto the
patient. The concurrent slowing of these electrons depesits energy it the patient. Therefore,
dase begins to rise as the electrons slow down and deposit their encrgy. Thus, a depth
refated to the average distance that the Compton electrons travel is sparcd some of the dose
of the incoming beam. The average distance traveled by electrons in a *Co bean is 0.5 cm,

which is the dyay of ¢Co unit.
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Fig.9: An illustration of the property of skin sparing, The photon inwensity i
maxirun at the surfuce while the maximun dose oceurs at d,..

For megavoltage heam such as %Co and higher energies the surface dose is much smaller
than the dose at the depth of dy This dose build up effect of the higher energy beams is
clinically known as the skin sparing effect and offers a distinctive advantage over the lower
energy heams for which the Dpg occurs at the skin surface. Thus, with high energy
(megavoltage) photon beams, higher doses can be delivered to deep seated tumour without
exceeding the tolerance of the skin. This, of course, is possible because of boih the higher
percent depth dose at the tumour and the lower surfacc dose at the skin!'l. A simple
explanation to this regards is that as the higher energy photons enter 2 patient or phantom,
they set clectrons into motion, primarily through Compton interactions. In such interactions,
the motion of the Compton is predominantly in the forward dircctions, so there is a net flow

of electrons deeper into the patient. The concurrent slowing of these elcctrons deposits
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energy in the patient. Therefore, the dose begins to rise as the electrons slow down and
deposit their energy. Thus, a depth related to the average distance that the Compton

clectrons travel is spared some of the dose of the incaming beam®’1.

2.2.8 Dose distribution in Patient or Phantom

When a beam of radiation is incident on a patient or phantom, the absorbed dose in the
patient or phantom varies with depth. An egsential step in the dose calculation system is to
establish depth dosc variation along the central axis of the beam. One way of characterizing
the central axis dose distribution is to normalize the dosc at depth with respect to dose at
reference depth and represent the dose profile as percentage depth dosc along the central

axis of the incident beam. Mathematically, the percentage or percent depth dose is given by

D
P=—1x100 .

Ay

where 3, is the dose at depth d and D, 15 the dose at reference depth ;. For onhovoltage

{upto about 400 kV,) and low encrgy photons the refercnee depth dy is usually the surface
i.c., dy= 0. For higher energy photons beams, the reference depth is laken as the depth at
which the peak absorbed dose is occured {(i.e., dp = dm). In chinical practice, this peak
ahsorbed dose on the central axis is somctimes catled the maximum dose, the dose

maximum, the given dose ov simply the Dinax .

L
Thus, D, = —x100 e enrennene(28)

A number of parameters affect the central axis depth dose distribution. Thesc include beam
qualirty or energy. depth, field size and shape, source to surface distance and beam
collimation. For a given beam, the dese will fall with increasing depth owing to the
absorption in the successive layer of the medium and the increasing distance from the target
following inverse square law. Superimposed on this radiation from the target will be the
scatered radiation which results from the Compton scattering processes within the beam
penetrating medium. The magnitude of these effects depends on the beam quality, its size
and shape and the nature of the medium itself. Fig.10 shows the central axis depth dose

curve for a ®Co beam along with the contribution from scatter plotted separately.
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Fig.10: Percentage depth duse curve for A “Co & B. 250 k% beam showing the
relative magnitude of dose contribured by the scattered radiation

At orthovottage energies. the cxposure to the surface (zero depthy is significantly allected by
scattered radiation while radiation in the case of megavoltage energics, the surface dose is
less and builds up to a maximum at some distance below the surface. This build up is a
physical phenomenon, which cxplains the skin sparing effect of megavoltage radiations and
is one of the principal advantages of these higher energy beams in radiotherapy. The
exposure at the surface of the phantom is substantially greater than the exposure at the same
point if no phantom were present. This is because the phantom matenial is scattering block to
the surface a considerable amount of as backscatter. The percentage of backscatler increases
with the arca of the field irradiated and with the thickness of the underlying phantom
material. The amount of back scatter at the surface of an irradiated phantormn varies in a
complicated way with beam quality. It is larger for a beam guality of 0.8 mm Cu-HVT the
deep therapy rcgion and falls as the beam quality increases, lLe., as the Compton scatter
becomes increasing in the forward direction as well as decreasing in magnitude. It also falis
with softer quality beams where Compton interactions are swamped by photoelectnc
interactions are absorbed. At its maximum, the percentage backscarter can reach 50% and is,
therefore, very important'**L

The percentage depth dose {beyond the depth of maximum dose) increases with beam
energy. Higher energy beam have greater penctrating power and thus deliver a lgher
percentage depth dose fig.11 the effects of the inverse square law and scallering are not

considered, the percentage variation of depth dose with depth 1 governed approximately by
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exponential attenuation. Thus, the beam quality affects the percentage depth dose by virlue

of the average attenuation coelficient ; of the medum.
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Fig.11: Central axis depth dose for different quality photon beams. Field size 1010 cin, S50 = 1)
cm for all beams except for 3.0 mm Cu TTVL, 550 = 50 cm.

The percentage depth at all points other than the central point is less than 100%. The bsam
intensity at any point p (say) off the axis of the field will be dropped to & valug following

inverse square law such as intensity at p which if § cm (say} off the axis will be

S§8p?
5§D +35°
If 5D = 80 ¢m, then intensity at p will be $.996. Thus using beam intensity factor the doscs

at different points in the field can also be approximately calculated.

2.28.1 Effect of Field Size and Shape on Depth Dose

Tield size may be specified either geometrically or dosimetricatly. The geometrical field size
is defined as the "projection” on a plane perpendicular to the beam axis, of the distal end of
the collimator as seen from the front centre of the source %, This definition corresponds to
the field defined by the light localizer, arranged as if a point source of light were located at

the centre of the front surface of the radiation source. The dosimetric or physical size is
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defined as the distance intercepted by an isodese curve (usually 50% isodose) on a plane

perpendicular to the heam axis at a stated distance from the source.

For a significantly small ficld, the depth dose at a point is effectively the resull ol the
primary radiation because in such a small field, the scatter contribution negligibly small or
zero. But as the Neld size increases. the contribution of the scattered radiation to the
absorbed dose increascs. Sinee this increase in scattered dosc is greater at larger depths than
at depth of Dpa. the percent depth dose increases with increasing fleld. The merease in
percent depth dosc causes by increase in ficld size depends no beam guality. Since the
scattering probability or cross-section decreases with energy mncrease and the higher energy
photons are scarlered mnore predominantly in the forward direction, the field size dependence

of percent depth dose is less pronounced for the higher energy than for the lower cnergy

beaim.

2.2.8.2 Dependence on Source - Surface Distance ($SD)

Photon Fuence emitted from a pownt source of radiation varies inversely as a square of the
distance from the source. Corresponding the source as a point one even in the case of
clinical soutce, the exposure or dose rate in free space varies inversely as the square of the
distance between the source and point of interest. The percent depth dose increases with
5SD because of the effects of inverse square law. Although the actual dose rate at a pont
decreases with increase in distance from the source, the percent depth dose, which 15 a
relative dose with respect to a reference point, increases with SSD. This is illustrated in fig.
12 in which relative dose rate from a point source of radiation is plotted as a function of

distance from the source, foltowing the inverse square law.
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Fig.12: Plot of relative dose rate as inverse square law as a function of distance from
a point source with reference distance = 30 ¢m.

The plot shows that the percent deplh dose, which represents depth dose relative to a
reference point, decreases more rapidly near the source than far away from the source. In
clinical radiotherapy. SSD is a very important parameler, since percent depth dose
determines how much dose can he delivered at depth relative o the surface dosc or Dan, the
SSD needs to be as large as possible. However. since dose rate decreases with distance. the
SSD, in practice, is set at a distance which provides a compromisc between dose rate and
percent depth dose. For the treatment of deep-seated lesions with megavoltage beams, the

minimum recommendead S50 is 80 el 77,

2.29 DOSE CALCULATION PARAMETERS

2.2.9.1 Tissue -Air Ratio {TAR) and Scatter - Air -Ratio (SAR)

There are several methods for calcutation of doses in patient or any other medium. Two of
these usc percent depth dose and TAR. However, there are ccrtain limitations to these
methods. The dependence of source to surface distance (S5} makes this quantity unsuitable
for isocentric techniques. Although, tissue-air ratio (TAR) and scatter-ratio( SAR) eliminates
that problem, their application to the beams of encrgy higher than thosc of 89Co has
limitations as they require measurement of dose in free space®". As the beam encrgy

increases, the size of the chamber build up cap for in -air measurements has to be mecrcased
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and thus it becomes incrcasingly difficult to calculate the dose in frec space from such
measurements. To overcome these limitations of TAR another quantity, tissue phantom ratio
(TPR} is introduced which remains the properiies of TAR but limits the measurements to the
phantom rather than air®™ A fow years later, another quantity tissue maximum ratio (TMR)
ia being introduced which alse limits the measuremcnts to the phantnm[“‘mﬁs}.

Seatter-air ratios arc used for the purpose of caleulating scattered dose in the medium. The
computation of the priimary and the scattered dosc separately is particularly useful in the
dosimetry of irregular fields.

Seatter-air Tatio may be defined as the ratio of the scattered dose at a given point in the
phantom to the dosc in {ree space at the same point, The scatier-air ratio hike the tissue-air
ratio is independent of the source-surface distance but depends on the beam encigy, depth,
and field size

Since the scattered dose at a point in the phantom is equal to the total dosc minus the
primary dose at that point, scaiter-air ratio is mathematically given by the difference
berween the TAR for the given field and the TAR for the 0 X 0 field.

SAR(d.1g) = TAR (d,rg) - TAR (d,0}
Here TAR{d,0) represents the primary component of the beam.

Since. SARs arc tabulated as functions of depth and tadius of a eireular field at that depth.

22992 Collimator Scatter Facter and Phantom Scatter Factor

The dose to a point in a medium may be consideted to be composed of primary and scadered
components, The primary dose is contributed by the initial or original photons emifted from
the source and the scatiered dose is the result of the scatiered photons. The scaltered dose
may further be analyzed into collimator and phantom components, since the two can be
varied independently by blocking. Blocking a portion of the {teld does not significantly
change the output or exposure in the open pertion of the beam but may substantially reduce
the phantom seatter™'**]. Determination of primary dose in a phantom which excludes both
collimator and phantom scatter is in fact very difficull. However, for megavoltage photon
beams, it is reasonably accurate to consider collimator scatter as part of the primary beam s0
that the phantom scatter could be determined scparately. Thus, en effective dose is defined

as the dose due to the primary photons as well as those scattered from the collimating
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system. The eflective primary dose in a phantom may be thought as the dosc at depih minus
the phantom scatter. Alternately. the cffective primary dosc may be delined as the depth
dose expected in the field when scattering volume is reduced to zero while keeping the
collimator opening constant. Representation of primary dose by the dose in a 00 field
poses conceptual problems because of the absence of lateral electronic equilibnum in
narrow fields in megavoltage photon beams This tissue has not yet received any practical
solution and the concept of 0X0 field to represent primary beams with the impliecit
assumption that lateral electronic equilibrium exists at all points will continue to be used for
routine dosimetry *° 82 collimator scatter factor (S¢) may be determined with an chamber
having a build up cap of a size large enough fo provide maximum dose build up fur the
given energy beam. In the measurement of 8, the [ield must fully cover the build up cap for
all field sizes if measurements are to reflect photon fuences. Normally. the colhmator
scatter factors are measured at the source-axis distance (SAD). Ilowever, larger distances
can be used provided the field sizes are all defined at the SAD. This phantom scatter lactor
(S;} takes into account the changes in scatter radiation originating in the phantom at a
refercnce depth as the field size is changed. this S, can be determined by using a large {ield
incident on phantoms of vatious cross-sectional sizes. The photon beams for which
backscatter {actors can be accurately measured {e.g., $1Co and 4 MV), S, factor at the depth
of maximum dose may be defined simply as the ratio of the backscatter factor (BSF) for the

given field to that for the reference field. Mathematically

BSF(r)
5 [ [ o ——————— e k. "ﬂ
= bsrt) e
where g is the size of the reference field (1010 cm’)

A more practical methed of measuring Sp, which can be used for all beam energies consists

of indirect determination [rom the following equation

s, [r)=55t_~ﬂ((:7) (1)

where S. (1) is the total scatter factor at a reference depth for Geld size r divided by the dose
at the same point and depth for the reference [ield size (10>10 cm®). Thus 8, contains both

the collimator and phantom scatter and when divided by Sc{r)yields §, and 5. are defined at

47



Chapter-i{ Review

the reference depth Dy actual measurement of these factors at these depth may create
problems because of the pessible influence of electron contamination incident on the
phantom. This can be divided by making measurcments at a greater depth {c.g., 10 em]) and
converting the readings to the reference depth of Dige by using percent depth dose data.
presumably measured with a small- diemeter chamber. The rationale for this procedore is
the wamc as for the recommended depths of calibration®®*H For megayvoltage beams in the
range of 20 to 45 MV, the depth of maximum dose Dgex has been found o depend

signilicant on field sizc as well as on SsDiTE

I order that the calculative functions be independent of machine parameters. they should

ot involve measurements in the build up region. Hence, the reference depth must be equal

[43]

or greater than the largest dm. Since dm tends to deercase with field size™" and increase with

S gne should choose d,, for the smallest field and the largest S8D.
2.29.10 DOSIMETRIC CALCULATION SYSTEM

2.2.101 SSD Technigue in Accelerator

Percent depth dose (PDD) is a suitable quantity for calculation of doses involving 35D
techniques. Machines are usually calibrated to deliver 1 rad per moniter unit (MU) at the
reference depth g, for a reference field size 10<10 cm and a source to calibration point
distance of SCD. Assuming that S, factors relate to collimator field size defined at SAD, the
monitor units necessary to deliver a certain tumer dose {TD)at depth d for a held size rat the

surface at any SSD are given by

_ (TD x 100}
MU= \& x(%DD), x 8, {r, )x 8, () (sSDfactor)| ) (32)

where K is 1 rad per MU, r; 1s the collimator field size, piven by

v,o=r—

© 8§D

2
And §SD factor = _SCD e EE )
(SSD+1¢,)
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2.2.10.2 Isacentric or SAD Technigue

Tissue-Maximum-Ratio (TMR) is the quantity of cheice for desimetric  calculations

involving isocentric technique. Since the unit is calibrated to give | rad MU at the refercnce
depth ty, source calibration distance SCD, and for the reference ficld (10310 cm®), then the

monitor units necessary o deliver isocenter dose (1D) at depth d are given by

MU = ID ¢ [KXTMR (d. ta) XS(re) XS, (ra)<(SAD factor)]

Where SAD factor = (SCD 7 SaD)

22.10.3 Dose Calculation in $Ca Unit

In the case of ®Co, the machine can be calibrated either in air or in phantom lo deliver dose
as tad/min. provided the following information is availablexa) dose rate Dy {tp,tado) 10
phantom at depth g of maximum dose for a reference field size ry and standard S5D fp ; (b)
S (c)Sp; (d) percent depth doses; and (g) TMR values. In addition, the 35D used in these
calculations should be confined to a range for which the out put in air obeys an inverse
square law for a constant collimator opening. In teletherapy, the dose is wsually dehvered to
ihe patient with respect to time, i e, how long the beam should remain "ON" to deliver a
certain preseribed dose to the patient while n the case of accelerator MU is used to scrve the

purpose. The necessary treatment time is given by

e = (TD % 100) -
fime = lDD [Imruafn }E%DD{IJ:I)X& (r}x S,r! (r)x (SSD_fGCIUF]J -' {34]

where $SD-factor = (SSD1/88D2)

2.2.10.4 Dosein Asymmetric Field

Most of the modern accelerators are now equipped with x-ray collimators {or jaws) that can
be moved independently to allow asymmetric [iclds with field centers positioned away from
the true central axis of the beam. When a field 1s collimated asymmctrically, it is needed to
take into account the changes in the collimator scatter, phantom scatter, and off axis-beam
quality™'. The use of beam flatering filter (thicker in the middle and thinner in the

periphery) results in greater beam hardening close to the central axis compared wiilh the
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periphery of the beam™ ", For a point at the center of an asymmeric (ield and a lateral
distance ‘x’ away [rom the beam central axis. the collimator scatler factor may be
approximated to a symmetric field of the saine eollimator opening as that of the given
asymmetric field, This approaimation is reasonable as long as the point of the dose
calculation is centrally located ie., away from the field edge. Swinee beam [Tatness within the
central 80% of the maximum field size is specified within + 3% at a 10 cm depth, tgnoring
off-axis dose correction in asymmetric fields will introduce errors of that magnitude. Thus
off-axis dose correction will follow changes in the beam flatness as a function of depth and
distance from central axis. The Ffollowing equations are proposed for the calculation of

monitor units for asymmetne fields!*",

For 85D type of treatment

Vit {TDK] ﬂ'ﬁ) (35
J= et e e [
f lK x(%%DD), xS, (r )% S R (r)= {SSD - factor }x O4AR, (x)]
Where OAR, is the ofl-axis ratio at depth d.
Similarly for isocentric treatment
D S T3

MU=
[K % TMRd, 1, )% S (7, )¢ S, [r )< (SAD — factor }x OAR,{x)]
The above formalism is general and can be used for calculation of an olf -axis point dosc
in symmetric fields generated by blocks or collimators, including multileaf coflimators.
TFor imegularly shaped fields the parameler ra is the equivalent field size determined by
Clarkson's technique or geometric approximation and r. is the collimator opening size

projected at the standard S5D.

2.2.40.5 Dose Distribution in Irregular Field

Any fields other than the square, rectangular or circular fields may be termed irregular fields
. Thesc imregularly shaped fields are frequently encountered in tadiotherapy practices.
Iregularly shaped [elds, in fact, appear when radiation sensitive structures are shielded
from the primary beam or when the field extends beyond the irregularly shaped patient’s
body contour. Since basic standard dosimetric data are avaitable for reclangular ot square

fields only, special methods including several correction factors are necessary to use these
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basic data for caleulation of doses in irregularly shaped fields. For certain specilic irregular
fields, some special methods are in general use. However, irregular fields are not untversal
rather, it can be different for different clinical situations. Thercfore. several approaches are

in progress for making generally applicable methods for caleulation of doses in individual

irregular ficlds.

2.2.10.6 Dose Calculation in Irregular Field

Although rectangnlar or square fields are usually used as clinical felds, but these fields are
oficn shaped irregularly to protect critical or normal regions of the body. Hence, a dose
calculation system must be generally applicable to ihe above practices, with acceptable
accuracy and simplicity for routine use. The computation of the primary and scatier dose
separately is important for calculation of dose in irregular fields and to do this, a quantity
known as scatter-air ratio (SAR) is introduced which is defined as the ratio of the dose at a
given point in the phantom to the dosc at the same point in air. Like TAR. SAR is also
independent of the source-surface distance but depends on the beam energy. depth, and the

field size. Mathematically it is defined as the difference between the TAR for the given field

and the TAR for the 00 ficld i.e,,

SA&{d,r,)=TAR(d,r, )-TAR(.0) ---(37)
where TAR(d,0) represents the primary components of the beams.

Any field other than square, circular or rectangular ficld may be termed as {rregular field.
These irregularly shaped fields are very often encountered in radiothcrapy practices. Dose
calculation method in such irregular ficlds, originally proposed by Clarkson and later
developed by cunninghum has proved to be the most general in its application[m'”].
Clarkson's method is based on the principle that the scattered component of the depth dose,
which depends on the size and shape of the field, can be calculated separately from the
primary component which is independent of the field size and shape and as such the quantity
QAR is used to calculate the scattered dose. In this method, for calculation of dose at any
point in the iegular field like Mantle field, radii are drawn from that point to divide the
{ield into a number of elementary sectors in which each sector is being characterized by its

radius and be considered as of the circular field of that radius. Using an SAR table for

circutar ficlds, the SAR values for the sectors are being calculated and then summed to have
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the average scatler-air ratio (SAR) for the irregular field at that point. For sectors passing

through a blocked arca the net SAR is determined by subtracting the scatter contribution by

the blocked part of the sector. The computed [SAR}is converled to average tissue-ait ratio

(14K} by equation

[TAR) = T4R(0)+[SAR) SO .13

where TAR(D) 1s the Lissue air ratio for ¢ X 0 freld.

The percent depth desc (%DD) at any point can be calculated relative to Dy, on the central

axis as

{{fﬂfm }T
1223

8 — (39
where BBSF is the backscatter factor for the irregular (ield which can be calculaied by
Clarkson method ™), This Clarkson's method is a general technique of dosc calculation in
isregular ficld but it is not practical for routine manual calculations which is very imporiant
for necessary cross check of the results between computer and manual calculations and
further to this, even when computerized, it is time consuming sincc a considerable input data
is required by the computer program which is not practical n routine radiotherapy practices.
With the exception of mantle, inveried-Y and a few other comiplex [ields, reasonahly
accurate calculation can be made for most blocked fields by using relatively simple
approximation method. In the blocked fields, approximale rectangles can be drawn
containing the point of calculation. In drawing rectangles, certain blocked area may be
included in the rectangle, provided this area is small and remotely localed relative to (hat
point. The rectangles thus formed may be calted effective field, while the unblocked ficld
defined by (be collimator, may be called the collimator field ™!, Once the effective field has
been determined one can proceed with the usual calculation method for dose determination
in that field, It is also be noted that, calenlation of depth dose distribution at any point within
the Feld or out of the feld is possible by using Clarkson's technique , however, as itisnot
practical for manual calculation, some other simple mclhods proposed by Day and Wrede

are used for calculation of doses in irregular fields. Both the methods are basically same and
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based on approximation of rectangular or square liclds in the irregular (blocked) fields and
(hereafier use of perimeter formuia for determination of equivalent square fislds. If once
equivalent square [ields could be determined, then usual dose caleulation methods are used
for caleulation of doses at any point in the irregular (blocked) fields. Another method,
known as negative field method may be used for dose caleulation in irregular fields!* 3. In
this method, the dose at any point is equal to the dose from the overall (unblocked) field
minus dose expected il the entire ficld were blocked, leaving the shielded volume open. In
other words. the blocked portion of the field is considered a negative field and its
contribution is subtracted from overall field dose distribution. A computenized negative field
method not onky is a [ast method of calculating isodose distribution in blocked fields but 15

very convenient for manual point dose calculation™*? 1,

2.2.10.6.1 Depth Dose Calculation Formulism used in lrregular Field

Dosimetry of irregular fields using TMRs and SMRs is analogous to the method using TARS
and SARs. An iregular field at depth d may be divided into n elemeniary sectors with radii

emanating from any point Q (say). A Clarkson type integration my be performed to have

averaged scatter maximurn ratio SMR(d,r,) for the irregular feld ty

—_ 1 bl
SMR(d,r,) == SMR(d,r) SURUNONINMPERSNISSN . )
) =1
where 1, is the radius of the ith sector at depth d and n is the total number ol sectors n =
2r/AD is the sector angle.

The computed SMR(d,r,) is then converted to TMR(d,r,;) by using the equation

TMR{d, ¥, }= [K TMR(d.0)+ SMR(d.7, }]x ?({0 }} R 'y )

where K, is the off axis ratio representing primary dose at { relative {o that at the central

axis. TMRI(d,r, } may be converted to the percent depth dose P(d,r,f) by using equation

1
Pld,r, £)=100{K, TMR(2.0)+ SHTR(d. r, ) ?({D) S, [{(ﬁiﬂ S (42)

l::‘
p—
L

=
—
i
A
"

The Minal expression takes the form
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— L (r+:,)]
for. £y = 100[K  TMR(d.0)+ SMRId . — L L X
P(d.r. ) = 100[k ,TMR(d.0)+ SMR(d }d}]x(1+SMR(:U;;D)J{U+d}} LY )

2.2.10.6.2 Depth Dose data for Irregular Field

Percent depth dose data are usually tabulated for square ficlds. But majority of the treatment
fields encountered in radiotherapy practices arc rectangular and irregularly shaped (blocked)
fields and hence a system of equating square ficlds to different fleld shapes is required. Semi
empirical formulas have becn deseloped to Telate central axis depth dose data for sguare,
rectangular. cirenlar and irregular shaped fefds. Although general methods, based on
Clarkson's principle are available, similar methods have been developed specially for
[17.28.

interrelating square. rectangular, and circular field data. Day and others ) have shown

that, for central axis depth dose distribution, a rectangular field may be approximated by an
equivalent square or by an equivalent circle. A simple rule of thumb methed is used for
equating rectangular and square ficlds according to which a rectangular ficld is equivalent to
a square [ield if they have the same area/ perimcter (AT) %77 The following formulas are

useful {or quick calculation of the equivalent field parameters. For rectangular fields

A__axb e ee{44)
P 20a+b)

where a is the field width and b is the field length. For square fields. a=b

and so -%z E, where 'a' is the side of the square.

From the above two equations it is clear that the side of an cquivalent square of a rectangular

field is: side of an square = 4 A/P
This perimeter formula is widely used in clinical practices and has been extended as a field
parameter to apply to other quantities such as backscafter factor, tissue air ratios. and even

beam output in air or phantom. The radii of eguivalent circles may be obtained by the

relationship:

7]

This has been derived by assuming that the equivalent circle is the one that has the same

_ A — -{45)

area as the equivalent square.
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Fig.13: Change of percent depth dose with 55D, (a} has SSI = f1 and condution (b) has S5D = £2.
For both conditions, field size on the phantom sarface, r< r and depth d are the same.

Percent depth dose lor clinical use are nsually measured at a standard SSD (80 or 100 cm for
megavoltage units). In a given chnical situation. however, the 55D set on a patient may be
different from the standard SSD. Larger SSDs may be required for treatment techniques that
invaolves field sizes larger than the ones available at the standard SSD. Thus, the percent
depth doses for a standard SSD must be converted to those applicable to the actual ireatment
$8D. As a simple approximation method to solve this inconsistency, a factor known as
Mayneord F factor® ¥ {5 in use which is based on a strict application of the inverse square
law, without considering changes in scattering, as the SSD is changed. The irradiation

condition is depicted as follows.
The percent depth dose at depth d for SSD =, and for 88D = f3 15 given by

et [l [ &

The tenn on the right hand side of this equation is called the Mayneord F factor.

e

This Mayncord F factor method, works reasonably well for small fields since the scatienng

is minimal under these conditions, however, it overestimates the increase in percent depth

dose with increase in SSD for relatively larger ficlds. Since the percent depth dose depends
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on $SD, so SSD correction to the percent depth dose is to be applicd to be applied to correct
for the varving SSD- a procedure which becomes cumbersome to apply routinely in clinical
practice. A simpler quantity, namely TAR (Tissue air ratio} is mtroduced to remove the 85D
dependence which is defined as the ratio of the dose Dy at a given point in the phantomn to

the dose in free space (D) at the same point. This TAR depends on depth and the field size

ty at that depth .

TAR(d,r,) = b, S 1.3
,

Equilibrium
mass

Fig.14: Nustration of the definiton of TAR{d.ry} =Ds'Dx;

Tt has been shown that the fractional scatter centribution to the depth dose is almost
independent of the divergence of the bean and depends only on depth and the field size at
that depthm]. Hence tissue air ratio, which involves both the primary and the scatter
component of the depth dose is independent of the source distance. This TAR varies with
the energy, depth and field size very much like the percent depth dose. For megavoitage
beams, the tissue air ratic builds up to a maximum at the depth of maximum dose {dwm} and
then decreases with depth more or less exponentially. For a narrow beam or a 00 field size,
in which the scatter contribution to the depth dose is negleeted, the TAR beyond dy, varies

approximately exponcntially wilh depth ie.,

TAR(d 0) = ¢ #1470 -{49)
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Where 1 is the average attenuation coeflicient of the beam for the given phantom. As the
feld size is increased, the scarter component of the dese increases and the variation of TAR
with depth becomes more complex. However, for megavoltage beams, for which the scalter
is minimal and is directed more or less in the forward direction, the TAR wvariation with
depth can siill be approximated by an exponential function, provided an effective atlenuation

cocflicient {pnﬂ) for the given field size is used. Another term Backscatter factor (BSF)
which is simply the TAR determined at the depth of maximum dose on central axis of the
beam. It is defined as the ratio of the dosc on central axis at the depth of maximum dose to
the dose at the same point in free space Mathematically it is defined as

D
BSF =t S — |
D

S

or, BSF=TAR(d,,r,) S—— ] )

where 1q, is the tield size at di, of maximun dose.
This backscarler factor, like TAR, is independent of distance from the source and depends
on the beam quality and the field sizc. For orthovoltage beams with usual filtration, the BSF
can be as high as 1.5 for large field sizes. This amounts to a 50% increase in dese near the
surface compared with the dose in free space or in terms of exposure, 5309% increase in
exposure on the skin compared with the exposure in air. While for megavoltage beams (*"Co
and higher energies) the backscatter factor is much smaller. For example BSE for a 10><10
cm field for ®'Co is 1.036. This means that the D, will be 3 6% higher than the dose in free
space. This increase in dose is the result of radiation scatter reaching the point of Dy from
the overlying and underlying tissues. As the beam energy is increased, the scatter is further
reduced and so is the BSF. Above about § My, the scatter at the depth of Dyay becomes

negligibly small and the BSF approaches its minimum value of unity.
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3.1  Aims of Treatment Planning

Treatment planning is a process of determining the best method of treating a tumor with
radiation. The major objectives of treatment planning are to ensure that the tumor receives a
uniform radiation dose while hcalthy tissue and critical structures are protected Other
important objectives of treatment planning are to develop reproducibie setups and maintain
patient comfort. Treatment planning includes determining the volume to be treaied and then
designing appropriate radiation fields to treat (hat volume. It begins before the first radiation
treatment and continues throughout a course of therapy to ensure that the intended plan is
being implemented. A treatment plan may some times be changed during a course of therapy
to compensate for changes in a patient’s condition

Treatment planning is often a challenging process during which teamwork 1s required to
achieve optimal and reproducible radiation treatments.

There arc Lhree aims of treatment planning

e To develop a plan that treats the tumor volume. This plan would give as
homogeneous a dose distribution as possible throughout the clinical target volume.

 To minimize a radiation dose to healthy structures. Areas outside the target volume
should receive as little radiation as possible. Limiting dose to healthy tissues requires
knowledge of how much radiation the tissues in the treatment field can tolerate. Dose
levels to critical structures such as the spinal cord, kidneys, and the lens of the eyes
must be minimized.

« To provide a permanent record of dose caleulations and distributions so that others
mav, int the future, understand the treatment plan. This record may become important
if the patient needs to receive more radiation in the future.

The treatment planning includes visualization. localization, field selection and placement,
and verificationl’ "%
Visualization

Visualization is the determination of the location and extent of the tumaor, particularly with

respect to anatomical landmarks. This process uses cvery reasonable method of examination,

including palpation.
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e . -
Simulation or Localization

Localization, or simulation, is the determination, radiographically, of the field borders
required to encompass the clinical target volume. Ideally localization w5 ferformed using a
simulator- radiographic (imaging) unit that simulates all the movements of the linear
accelerator or Cobalt-60 treatment unit and matches its geometry, distances (SSD. SDD,
etc), beam divergence, and field size. A simulator produces high-quality images of the

treatment field.

Field lights

Field lights are the most essential beam alignment devices to achieve accurate alignment of
the radiation fields on the patient, because the light field on a therapy machine corresponds to

the radiation felds to an accuracy 13 mmm.

body contour

A body contour is a precise outline of a patient, usually in a fransverse planc that includes
the region of the tumor. A contour is required both for computing and for displaying the
dose distnbution in the treatinent volume. Frequently done at the time of localization, a
contour 15 usually taken at the central axis plane of the fields but may be taken at other

levels as well to evaluate the dose distributionl™').

3.2 Dose Profiles

Measurement of dose made by passing a dosimeter (ionization chamber or diode} across the
beam produces what is called a dose profile. The fig.15(a) shows that the dose within the
field is fairly constant (depending on the beam [latness} and that beyond the field edge the

dose 1s low.
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Fig.15(a): Beatn profile vocabulary. The central ray, beam horns, and beam edge are shown The
beam edee is defined as the 50% intensity location on each side of the beam, The penumbsra is the
width of the field berween 20% and 80% of the central ray intensity.
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Fig.15(b): Beam profile and regions of interest in the definition of flatness and symmetry. The
central 804 of the scan is the region in which flatness (the difference bebween the maximuam and
minumum intensiny) and symmetry (the difference berween intensity at the 80%6 edges) are measured.

The arez of transition at the edge of the beam is the pemunbra . The penumbra is marked os
the width between the 20% and 80% values on the beam prolile, shown in fig.15(a). The
central 80% of the scan is the region of symmetry {the difference between intensiry at the
80% edges). The symmetry is a measure of the side to side equality of the beam. The ratio of

intensity at [ and F in fig.15(b) measures the symmetry of the beamn. Usually the symmetry
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-
is required to be +1-2% from one side of the beam 10 the other. The central 80% of the scan
is the region of flatness (the difference between the maximum and mintmum intensity). The
definition of flatness varies with manufacturer of the treatment machine but is generally the
maximuem variation of beam intensity in the central 80% of the beam. In figure 15(b), points
D) and F are the highest intensity points on each side of the beam, and point E the lowest
intensity point in this central region. The ratio of intensity at F and E measures the flatness
of the beam, the maximum variation of intensity in the central 80% of the beam. Flatness is
required to be +2-3% across the beam!’'.

Depth and field size are both cntical to beam syinmetry and [latness. The deeper we go in
the phantom, the more uniform and symmetric the beamn becomes due to incrcased scatter in
the phamtom. Tn general, the smaller the beam, the poorer the flatness. The factor nsed in
dosimetry that describes this effect s the ratio of the dose at any point on a profile divided
by the dose at the ceatral ray on that profile. [t is relerred to as the off-center ratio (OCR),
or off-axis ratio (OAR). The OCR at point F 1s the dose ratio of F to E. The bean1’s edge is
defined as the point where the OCR is 50% or 0.50.

The homs or ears are the high intensity regions bepeath the thin cdges of the beam flaftering
filter. The lower the energy of the mepavoltage beam, the larger the value of the OCR in the
hormn tegion. This is because the beams are specified to be flat at a depth of 10 cm.
Radiation at the edges of the beam can scatter out of the beam, leaving the edges without
suflicient intensity. Therefore, added intensity is put in the beam edges at shallow depths so

that enough will be lefl at a 10 ¢m depth to provide a flat beam for treating the tumorl™',

3.3 Tissue Inhomogeneties

Tissue inhomogeneities are volumes within the patient that have non-uniform tissue
densities. For example, while the density of most soft tissue is about 1, that of lung is much
lower, bone sornewhat above 1, and mental plates used in bone repair much greater than 1.
Tissue inhomogenctics alter the dose disiribution from the standard curves due to
attenuation and scatter. One method for correcting tissue inhomogeneties is the effective TAR
method. It is a point by point calculation technique instead of a line-by line technique. For
each point in the patient (actually ¢ach point of interest} the equivalent water path fength or

depth is calculated using electron densities of overlying tissues. If we imagine that the
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patient contour is filled with a matrix of calculation points and that the computer calculates
doses at each of the matrix points, shown in figurelé.

The fig.16 illustrates effective TAR computation process using only three points. The three
puinls on the rights of the phantom {P). P; and Py} are traversed by the photon beam from

the lefl. To reach the three points. however, the radiation beam has to travel through three

different materials — air. water, and bone,

In order to calculate the appropoate TAR for each matenal, the water equivalent path length
must be determinad. This is the thickness of waler that will provide the identical attenuation

of the actial beam patl.

The calculation for point Py is as follows :

Path length Py =5 cm water + 6 cm air — 5 cm water
= 10 cm water + 6 cm air
= 10 ¢m water

Calculation matrix point

Fig.16: Computer view of & patient is acrually a set of points in space surrounded by
attenuating matenal. Ezch point lies in & rectangular array of points, a matrix of
calculation pownts at which individually computed doses are produced

Because of its low density, 6 cm of air is equivalent to less than 1 mm of water and is

ignored. Therefore, the equivalent length 1s just 10 cm,
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Fig.17: This figure illustrates the TAR computation process involved, using only three
points Py, B3, Py are behind thres materials — air, water, and bone. The air supplies less
attermsation than the water, while the bone supplies more.

The calculation for P; is handled similarly :

Path length P; = 5 cm water + 6 ¢m water + 5 cm water
= 16 cm water

and for P,

Path length P; = 5 ¢m water + 6 cm bone + § ¢wn water
Bone density )

= 10 cm water + & ¢m bong (

Watcr density
1.5¢g/cm’ )
=10 ater + G emb ( _—
CIT W cm bone [0 g/ o

= 19 cm water
Thus the dose at point P, > dose at P, > dose at P3 .Once the path length for a point is

calculated, it is used as the depth to determine the TAR for the point in equation[’").

3.4 Tissue Compensator

The missing tissue missing from the beam incident on an irregular or sloping surface
changes the desired uniform dose distribution pattermn in the target volume. The degree of
heterogeneity varies with the amount of missing tissue along the incident beam. In certain
clinical situations, surface imepularity gives rise to unacceptable dose heterogeneity in the

target volume or causes ¢xcessive irradiation of sensitive siruclures such as spmal cord.
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Many techniques are in use to overcome this problem, including the use of wedge fields,
multiple fields and the addition of bolus material or compensators. Bolus is a tissue
equivalent material placed directly on the skin with a view to fill up the air gap (the region
having missing tissuc) and thus to cven out the irmegular contours of a patient to present a
flat surface normat to the beam so that one is treating a surface as if there is no missing
tissue present, Placing bolus directly on the skin surface is satisfactory for treatrnent with
low energy orthovoltage radiation, but for high energy megavoliage beams, this bolus
technique results in the loss of its inherent skin sparing advantage. For such radiations, a
compensating fTlter is used, which approximates the cffect of the bolus as well as preserves
the skin — sparing effect. Thercfore. a compensator is simply an absorber inserted into the
radiation beam. The thickness of the compensator at different points of the beam s such that
it will attenuate the primary radiation just encugh to compensate the increase in dose due to
the missing tissue at that point. To preserve (he skin — sparing propertics of the megavoliage
photon beams, the position of the compensator should be such that electron contamination
from it is minimal. For *"Co and other megavoltage radiation beams, the compensator should

be placed at a suitable distance usually 15 — 20 cm away from the patient[m.

3.5 Treatment volume concept in Radiotherapy

Determination of treatment volume plays a vital role in medical radiotherapy treatment in
regard to complete itradication of the malignant cells. A target volume consists of the
demonstrable tumors {s), if present and any other tissue with presumed tumor is to be

determined as 1* step for commencing radiotherapy treatment. This is the volume which

Treatment valume

Target

Target volume

Fig.18: Target, targetvolume and treatment volume etc.
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needs to be irradiated to a specified or prescribed absorbed dose with optimum uniformity.
In delineating the target volume, comprehensive attention must be paid to censider the local
invasive capacity of the malignant tumor and its potential spread to the regional lymph
nodes. Therefore. determination of target volume is crucial one, which should include
sufficient marging around the mor to allow for the uncertainty in anatomic location of this
volume. Further to this, additional margins must be provided around the above mentioned
target volume to allow for limitations of the treatment technique (fig-14). Thus, the
mininum target dose should be presented by an isodose surface which adequately covers the
target volume in order to provide that margin. The volume enclosed by this isodose surface

is called the treatment volume and depends on particular treatment technique and concerned

target™,

3.6 Simulation in Radiotherapy

Simulation refers to the procedure for combined trial set up and verification of the designed
treatment plan using a simulator. Before commencing actual treatment for a patient, the
treatment plan should be checked through trial set up whether the feasibilities of the plan arc
practically executable and reproducible as well. A trial set up is usually involved laking a
fitm under treatment conditions as per treatment plan with the therapy unit or the simulator.
Simulation refers to the procedure for combined trial setup and verilication of the designed
treatment plan using a simulator. A simulator is an apparatus that uses a diagnostic X-ray
tube but duplicates a radiation treatment unit in terms of its geometrical, mechanical and
optical properties. The main function of a simulator is to display the treatment fields so that
the target volume may be accurately encompassed without delivering excessive irradiation
to surrounding normal tissues. By radiographic visualization of internal organs, correct
positioning of fields and shielding blocks can be obtained in relation to external landmarks.
Mast commercial simulators have fuoroscopic capability by dynamic visualization before a
hard copy is obtained in terms of the simulator radiography. The need for a simulator arises
from four factors : (2} Geometrical relationship between the radiation beam and the internal
and external anatomy of the patient (b) Although field localization can be achieved by
taking 2 port film, the radiographic quality of the image is poor, particularly in megavoltage

high energy photons and for ®*Co a large source size as well {¢) Field Jocalization is a time
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consuming process which, if carried out in the treatment room, could engage the therapy
maching for a prohibitive length of time (d) Unexpected problems with a patient set up or a
treatment technique can be selved during simulation thus conserving the time within the
treatment room. Besides, localizing trealment volume and setting up the fields, other
necessary data like : contours and thickness, including those related to eompensator or bulus
design can also be obtained during simwulation as the simulator’s tablc rcsembles the
treatment tabie. Fabrication and testing of individualized shielding blocks can also be
accomplished with a simulater provided the simulator should be equipped with accessorics

like laser lights, contour marker and shadow tray.

3.6.1 Portal Film in Radiotherapy

Portal films are radiographic film. The purpose of port filming is to verify the treatment
volume under actual conditions of treatment. Although portal fitms are poorcr overall image
quality than other radiographic images, they contain sufficient information (o determine the
accuracy of beam placement. A ciagnostic or simulator based port film is considered
mandatory not only as a treatment record, a port hilm must be of sufficiently good quality so
that the field boundaries can c¢learly be described anatomically. Radiographic techmque
significantly influences the image quality of a port film. The choice of film and screen as
well as the exposure time is very imporlant in this regards. The major limitations of sample
port films are (&) relatively long processing time to view the image (b} it is impractical to do
port film before each treatment {c} Film images are of poor quality specially for photen
energies greater than 6 MV, Electronic porlal imaging system overcomes the problems
stated in a and b by making it possible to view portal images instantanecusly i.e., images can
bc displayed on computer screen before initiating a treatment or in real time during the
treatment. Verification films are often repeated on a weekly basis during each patient’s

treatment course to ensure continued correct field placement.
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41 Irradiation facility

The irradiation facility of high energy photon beams from Co teletherapy ynit of model:
Aleyon TI#90106, available at Delta Medical Centre, Mirpur, Dhaka were used for necessary
investigation of doses in different irregular fields. The energies of the photon beams of "o
are 1.17 and 1.33 MeV having average energy of 1.25 MeV, o teletherapy unit has heen
supphed by Aleyon, France, The calibration of the ion chamber and electrometer was
performed by output (cGy) of this %Co teletherapy unit. Photograph of the teletherapy
machine is shown in fig.19. The other associated equipment and materials used were: jon
chamber. electrometer, thermometer, baromelter etc.. which were the propery of Delta
Medical Centre. Stab phantom of solid perspex sheets, available at Delta Medical Center

were used to simulate necessary irregular {ields-as-we usvally encountcred-in routine

radiotherapy practices.

R E e EEFEEL)

Fig.19£ 0 teletherapy unit {Alcyon [1#90106) of Delta medical center Ltd.
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4.2 Working Principles of Alcyon Il Co-60 Unit

The source holder of Aleyon II#90106 teletherapy unit, containing the radicactive cobalt-60
source is inscried into a drum, Fig. 21, the rotation of which moves the source from the
storage position into the treatment position The "Co source is assembled into a cylinder
type drum. A motor drives it from the "Beam OFF” to "ON" position by rotation through an
angle of 115 degree in less than 2.5 scconds. The source is held in the "BEAM ON” position
by the motor reducer drive remaining energized ('3} At the end of irradiation, the power is
switched QFF automatically and a powerful spring brings it back to the "BEAM OFF" or
storage position. A mechanical device locks it in this position to ensure precise positioning
of the feld light system. However, as one must always think of the possibility of a situation
in which the source becomes jammed in the irradiation position, the source holder has been
fitted at the back with  wheel which can be used manually to retract the source to its storage

position, if the source does mot return to the storage position automnatically, Two colored
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scctors "Green and Red" located sideways on the radiation head cover, indicate the source
position.
Co-60 Source

Lead Source Head Light Bulb

(antry

A4— “Spurce on” indicator

AR e Ty

Source Drawer

Collimator leaves

| i
I_ _I +— Block Tray

a—— Trimmers

Fig.21: Cross sectional view of Cobalt-60 teletherapy head.
The %Co source decays to ""Ni with the emission of beta particles (Eqa =0.32 MeV} and

two photons per disintegration of energies 1.17 and 1.33 McV with average energy of 1.25

MeV, fig.22.

#C0(5.26,)
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BN
Fig.22: Energy level diagram for the decay of the 580 nueleus.
These y- rays constitute the useful treatment beam in radiotherapy practices. The P- parlicles

are ahsorbed in the cobalt metal itself and in its shielding house resulting in the emission of
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bremsstrahlung x-rays along with a smal! amount of characteristic x-rays. However, these x-
rays of average energy around 0.1 MeV do not contribute appreciably to the dose in the
patient beeause they are strongly attenuated in the material of the source and source housing.
The other contaminants to the treatment beam are the lower energy y-rays produced by the
interaction of the primary y-photons with the source itseif. the surrounding source housing
materials and the collimator system. The scadersd components of the beam contribute
significantly {~10%) to the total intcnsity of the beam!'l, All these sccondary interactions,
thus to some extent, result in heterogeneity of the beam. In addition, electrons are also
produced by these interactions and comslitute what 15 usually referred to as the electron
contamination of the photon beamn. "Co source is a cylinder of 20mm diameter and is
typically positioned in the cobalt unit with its circular end facing the patient, The fact that
the radiation sotirce is not a point source complicates the beam peometry and gives rise to

what is known as gcometric penumbta. The penumbra (DE) at depth *d” is shown in fip.23.

Caollimator

Fig.23: Diagram for calculating geometric penumra. Penumra is related to the size
of the source. The larger the source size the larger the penumira (if S50 arc fixed)

The collimator system is designed to vary the size and shape of the treatment beam to meet
the individual requirements. However, the conventional collimator system can shape the

beam eilher squire or rectangular only. The simplest form of a continually adjustable
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collimator (diaphragm) consists of two pairs of heavy metal blocks. Each pair can be moved
independently to obtain a squire or rectangular shaped field. Some collimator system,
however, conlains multiple blocks to control the size of the beam. If (he inner surface of the
blocks is made paralle] to the central axis of the beam, the radiation will pass through the
edges of the collimating blocks resulting in what is known as the transmission penumbra,
The extent of this penumbra will be more pronounced for larger collimator openings because
of greater obliquity of (he rays at the edges of the blocks. This penumbra can be minimivzed
but can not be completely removed. The term "penumbra” in several senses, means the
region, at the edge of a radiation beam over which the dose rate changes rapidly as a
function of distance from the beam axis. the transmission penumbra is the region irradiated
by the photons, which are transmitted through the edge of the collimator block. The other
penumbra "geometric penumbra” is delined as the geometric with of the penumbra at any
depth from the surface of a parient which can be determined by considering similar triangles
ABC and DEC, hg-23. From gcufnetry, we have
DE/ADB=CE/CA=CD/CR=MN/OM=(OF+TN-OM)YCM if AD=s (source dameter).
OM=SDD (source to diaphragm distance) OF=58D (source to skin or surface distanee) then,
from the above equation, the geometnic penumbra DE at depth d is given by

Py=s(§8D + d-SDD)YSDD.

The penumbra at the surface can be calculated by putting d = 0.

The penumbra width increases with increase in source diameter, S50 and depth but
decreascs with an increase with an increase in SDD. [he geometric penumbra is however,
independent of the field size as long as the movement of the diaphragm is in one plane ie.

SSD stays conslant with increase in field size.
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4.3  lon Chamber and Dosimetry

Farmer ion-chamber of volume 0.6cc type 31005 along with an electrometer PTW
UNIDOS. A thermometer and a barometer were used as a dosimetry system for the

Necessary air pressure and temperature.

The characteristics of the nsed ion chambers were as follows:

Volume 0.6 cc

Useful range 30KeV - 50 MeV
Response Leakape 110 C/Gy
Leakage +4.10"7 A
Polarizing voltage Max, 500 v

Cable leakage

Ix10" {/Gy-om

Wall matenial

PMMIA [(C:,Hz02)+ Graphite]

Wall thickness

{0.55 mm PMMA +0. 15 mm ¢

Wall matenial's density

119 giee [PMMA] and 0.82 g/ee C.

Area density

78 mo/em®

Electrode Aluminium, Graphite coated
Width 1.5 mm

I.ong 14.25 mm

Range of lemp. +10 - +40 depree Celsius

In collection time

0.06 ms at 300 V biasing

1% - 80%

Relanve Humidity

They were calibrated in German SSDL which were traceable to PSDL. The calibration was

performed at the ambient conditions of 20 degrec Celsius and pressure 1008 mbar™,

44  Physical Characteristics of Dosimetry System

The PTW UNIDOS with plug system "BNT" is a microprocessor controlled universal fictd
¢lass dosimeter for measurement of dose and dose rate in radiation therapy, diagnostic x-ray
and radiation protection purposes. This UN!DOS is internationally familiarly classified as
classl, type B equipment in the field of radiation dose measurement. The UNIDOS provide
several measuring modes like measurement of current and charge in electrical units {Amp
C), measurement of radiological quantitics as exposure in R, photon equivalent dose H, in
S, air kerma K, and absorbed dose to water D, in G,. This UINIDOS can measure radiation
doses in radiation therapy up to 3 MG, as well as the dose of very shor x-ray exposures in
the range of millisecond. 1t 1s prepared for measuring radiation doses with ionization

chambers. semiconductor probes and other solid state probes {e.g. diamond detector). This
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UNIDOS stores the type and serial number for each ion chamber in a noq solatile memary,
together with the indis idual ealibration factors and other factors spetific for the chamber and
the user can not change calibration factors in the case of officially calibrated chambers. In
dose rate mode, dose measurement is performed by numerical integration of the current. The
maximum integration time is 18 hrs and the maximum measwring value is 3 MGy, The
olfset cumrent of UNIDOS without a chamber and or detector is less than 10" A, In the
case of charge measurement. the drifi is less than + 6.10™C with in the measunng time of

I min.

7 j‘f’-ﬁﬁﬁmﬁe
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e e e A -- nanna i nlnanid .

Fig.24: (a) Farmer ion-chamber of volume 0.6cc {b) PTW UNIDOS Electrometer
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45 Experimental Method

For investigation of photon doses in different irregular fields. which are often encountered in
daily radiotherapy practices. a tissue equivalent solid phantom in slab form of dimension
40cm>40cm=10cm was used. The phantom is made of Perspex (CsHgOq; p=1.190g/cm’)
sheets with average thickness of 2.0 cm, which is also known as Acrylic sheet. Routine
therapy application procedures which were traceable to international norms for radiotherapy
practices were followed during dose determination in solid phantors for *’Co teletherapy
unit. Photon doses were 1nvestigated at 0.5 cm depth of the phantom at different interested
points with 0.6ec Farmer type ionization chamber integrated with PTW UNIDOS dosimeter.
The simulated iregular fields with interested pomts of dose investigations have shown in
appendix-2. In each field. the interested points of dose investigations were labeled with

numericais 1,2,3.4,5 -—- elg.

During dosc investigation, the field was modified according to the simulated irregular fields
with beam modifying blocks and under this conditions doses were measured at different
mterested points and then blocks were removed very carefully making the fields open and
doses were investigated in those points 10 see, if there was any difference between the two
measurements (Modified & open [Gelds). For the caleulation of dose at a point *p’ (say) in
Clarkson’s method radii were drawn from point ‘P’ (say} to divide the field into an equal

interval of sector angle10”. In this study we calculated the dose ol blocked beams with two

correction factors (7, and OF, by using Empirical relation

IJ:II" LT = ((}FD)X C::\ck " CF; x J';:.".I"'

Where (OF D) =0pen Field Dose rate

4.6 Investigation of Beam Profile for Reference Data

To check the beam profile and thereby establishing the dose symmetry and uniformity,
doses were nieasured in open field of size 5><5r.:m2, |02 1 0em?, 15> 15cm?, 20:<20¢m?,
25X25cm®, 30>30cm? at depth 0.5 cin and SSD at 86 em across the major axes {(x,¥-axis).

The freld sizes and dimensions of the solid phantom were made with a margin of 10 em in

all sides having a margin of 5.0 ¢m beyond the dose measurement surface. The doses were
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measured at 1.0 cm increments from centre of the field to cither edges extending 5 cm
beyond different specified field sives with a view to observe the penumbra regions en each
ax1s. The dose at the centre of the field is termed as the centra! axis dose and doses in other
points were expressed as percentage to this central axis dose. Beam alignment and positions
like rotation axis, geometric axis. radiation axis and hght beam axis were carefully checked
and apparently voincided and corrected where needed during dose investigations. The beam
profile data are shown in Table: 1&2. Their graphical presentations are shown in

fig.25&26. This open [ield dosimetric seari-data were being preserved and considered as

reference data during dosimetry for all irregular Gelds.
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Table 1; Data for beam profile of open field along lateral axis {X-axis) of 10=10 o’
field size at dug..

Locations X+ { ¢Gyfmin % to central | Locations X- | cGyfmin % to central
axis dose axis dose
0 1.36 100
1 61.31 99,9 1 61.31 099.9
2 61.20 09.7 2 61.10 99.6
3 60195 99.3 3 60.75 39.0
4 59.19 96 3 4 56.76 923
5 32.78 534 5 24.26 395
) 475 7.74 i) 3.24 5.28
7 178 2,590 7 1.66 2.71
8 1.09 1.7 8 1.09 1.78
9 0.81 1.32 0 0.83 1.36
13 0.64 1.04 10 .66 1.07
il 0.53 0.86 11 0.53 0.87
12 0.45 0.73 i2 (.45 0.74
13 .39 .64 13 (.39 0.64
14 0.37 0.60 14 0.37 0.39
15 (.37 Q.59 13 (.35 0.57
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Table 2: Data for beam profile of open field along vertical axis (Y-axis} of 10><10 em’
feld size at doay.

Locaticns Y+ | ¢Gy/min ®% to central | Locations Y- | cGy/min % to central

axis dose axis dose

0 61.66 100

I 61.60 99.9 1 61.54 59,80

2 61.48 99.7 2 61.41 99.60

3 61.23 09.3 3 61.11 49.10

4 59.56 96.6 4 59.38 96.30

5 33.05 53.6 5 32.99 53.50

6 4.60 7.94 6 4 80 7.78

7 1.90 3.08 7 1.8t 2.94

8 1.09 1.77 8 0.99 1.62

9 0.81 1.32 9 0.76 1.23

10 0.64 1.04 10 (.62 1.00

11 0.53 0.86 i1 0.50 0.80

12 0.45 0.73 12 0.44 0.71

13 (.39 0.64 13 0.35 0.56

14 0.37 0.60 14 0.36 0.59

15 0.36 0.59 i5 0.36 .58 |
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Beam profte of 10 x 10 cmz fietd size at dy, 5,
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-2 15 -t -5 ul 5 10 15 20
Measuramant distarce In X-axis {om)

—8— Beam profile along lateral axis (X-axis] of 10 x 10 em? field size

Fig.25; Beam profile along X-axis of Co unil.

Beam profile of 10 x 10 cm? field size at Ay

121 ~
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T
0 15 -10 -5 LH B 10 15 20
Measurement distance In ¥-axis [em)

—w— Heam profile along tangenhial axls {¥-axis) of 10x 10 om® feld slze atd

Fig.26: Beam profile along Y-axis of *Co unit.
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4.7 Dose Investigation Technigue

The beam modilying lead blocks were of 5 em thick and most of these werc comparatively
heavier . These blocks were very narrowly fit into the available shadow tray of MCO unit
(Aleyon I1§90106, Trance). During dose measurement, 1on chamber was aliened in such
way that the radiation {luence is assumed to be uniform over the cross-section of the
chamber and beam was perpendicular to the chamber's axis, The Dosimeter connected with
this ion chamber waz PTW UNIDOS, which was very sensitive and was calibrated with ion
chamber as s integral part. Block supporting tray was kepl in the same position during dose
measurement both 1 open and maodified fictds so that no correction factor regarding tray

was necded in data presentation.

In each simulated irregular fields on solid phantoms, different interesled points were
designated as I, 2, 3, 4, 5... etc. for investigation of doses at those points. Similar geometry
was maintained during investigation of doscs in both epen and modilied iregular fields. The
open ficlds of the corresponding irregular fields were of the same dimensions. The beam
modifying blocks were placed very carefully so that it elearly blocks the photon beam to the
area supposed to be shielded in the simulated imegular ficlds in the phantorns. The doses
were investigated at 0.5 cm depth with source to surface distance (35D) 80 cm and the ion
chamber was placed perpendicularly to the central axis of the photon beam, Doses at the
interested points in the irrcgular fields (blocked beams) were investigated 1% and recorded.
The beam modifying blocks were then carefully removed from supporting (ray making the
ficlds open and doescs were again measured at the same corresponding points  keeping all
measurement conditions symmetrical in both open and blocked fields and recorded for
comparison. The doses were relative and have been presented as direetly measured values

in eGy/min for “Co and finally comparison with other ealculation techniques were made.

4.8  Dose Investigation for Photon Beam of $co Unit

The doses were measured at 0.3 depth of the solid phentom on which the iregular frelds
were simulated. Diflerent interested points werc being designated by numericals
12345, .. etc. along long axis for the investigation of doses at those points lon chamber

was placed at those points in such a way that the radation fluence 13 assumed 1o be uniform
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over the cross section of the chamber and ion chamber's axis remains always perpendicular
to the photon bearn. Similar geometry was maintmned during investigation of doses in both
apen and modified irregular fields. The open {ields of the corresponding irregular fields
wore of same dimensionz. The beam modifying blocks were placed very carefully so that it
clearly blocks the photon beam to the arca supposed to be shielded in the simulated irregular
fieds in the phantoms. The doses were investigated at 0.5 cm depth with source fo surface
disiance {SSD} 80 cm and the ion chamber was placed perpendicularly to the gentral axis of
the photon beam. Doses at the interested points in the interested points in the irregular fields
(blocked fields) were investigated 1st and recorded. The beam modifymg hlocks were then
carefully removed from the supporing tray making the fields open and doses were again
measured at the same corresponding points keeping all measurement conditions syimmetrical
in both open and blocked ficlds and recorded for comparison were relative and have been
presented as durectly measured values in mGy/min later converted into eCy/min for *Co and
finally cornparison with other calculation technique(Clarkson's method) was made. The
Dosimeter connected with this chamber was PTW UNIDOS which were very sensitive and
was calibrated with ion chamber as its integral part. Block supporting tray was kept in the
same position during dose measurcment in open field so correction faclor regarding tray was
needed in data prescntation. The beam modifying blocks were placed at 60 cm above the
phantom surface using a block supporting tray made of acrylic sheet having thickness of 1.5
cm. The dose measurements were carried out with the following settings: For Co, SSD
was 80 cm. focus to diaphragm distance(FDD) = 45 cm, Diaphragm-phantom surface
distance = 15 cm, focus (o shadow tray distance (FSTD} = 52 cm, shadow tray to surface
distance (STSD) = 28 cm, shadow tray thickness = 1.5 cm. block thickness = 5.1 cm. Doses
were measured at 0.5 cm with 0.6 cc ion chamber integrated with PTW UNIDOS,

The exposure Roentgen (X) were obtained by using the formula

&

X=MNC,,C,C (52)

where M is the monitor reading and Ny is the chamber calibration factor. Cyp is the
comrection factor for temperature and pressure, Cg is the correction factor for ion
recombination and Cy, is the slem leakage correction factor However, in our present wark,

C,, were considered but for the sake of simplicity Cs and Cy were ignored considering very
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litte variation. The cxposure roenteens {X) were obtained as R(X} omn in the case of “Co.

Finally the doses were converied to absorbed dose in Medium as mGy/mm for "o by using

the formula
Doy = [ ¥(R) C mee{53)
Ii_II?JT
. P fu | s L L
where the quantity /.. =0.875 ——=—5==| is the factor which is sometimes called the
Jit ™l
. L~ P ark |

roentgen to rad conversion factor, The experimental arrangement for investigation ol doses
at different intcrested points both 1n open {regular) and blocked (irregular) fields are shown
in fig. 27. The procedure of lead bluck sctting into the block supporting tray is showa in

fig.28.

Fig.27: Experimental arrangement for dosc measurement of “Co unit
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. A

Fig.28: *'Co teletherapy head with mantle blogk into block supporting tray

These dosimetric arrangements were easily reproducible and kept constant throughout the
entire dose measurements both in open {regular) and blocked (wregular) fields. The observed '
doses in different open (regular) and blocked (irregular) ficlds are presented in Tabie-3(I-XE)

along with the corresponding ficlds and graphical representations.
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Table 3{l) : *¥Co-beam: Field type- Square, Field size: 5x5 cm?, SSD = 80cm,Depth=0.5¢cm

3{i):

Pinnts Crose mersured with 4 & o, Farmer bvpe i Caleulated dose in Calculated dose m LCarractizn Correction
alang thamher in elyinnn Cv /1 clivimua Factor Factar
Mowrry (Clarckson's miethead) [Empirical relalion] ol OF
Blached | Yt Open | %drfference | Ualeulated | Yadifference | Calculated | Sodilference sk r
beam’s | centeal beam’s | hebween doze, boreeen duse, hebwoon
dose vxis fose | dose, bl hied & [¥ear we [heaw D Praw &
Dew In apen Dy we apen heium &l Demw
bearmn
] Jh 439 83 712 55,446 | 34 250 36412 {0355 15439 {1 1%5 0 598467 | 005885
2 I 50047 ERRE] 23414 | 6257 51,460 0220 51943 PR B9g413610 1000277349
3 [ 4498 Bl I0d | 4%dRd | 7254 44 32 0 9aE 44 960 1,994 097328190 101007257
F 3
W ke
=] M e
I Clarkeor'c
[ Empnca
s 1
. _
S
: ] £ «
FRETR ! 1..-«,
2 b
i E
g o
Q
12
i
D 1
& 1 2 2 4 b
P Freasune Tert points 3 em
Cornea Block
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Table 3{II} : #3Co-beam: Field type. Square, Field size: 5x5 em2,33D = 80 cm, Depth= 0.5 cm

Poxents Drone mewserd with 0 & co Faner Dpe w0 Calculated dese in Culculated dase 1n Conechon Correction
almg chiamber tn ciw/min Uiy man ¢Ciy fmman Faztor Factor
K-axis (Clirckvim's method) [Empirionl refationk c OF
Blotked | %am Cipgn Yedifference | Caleulated | %adefference | Calenlated | 5difference 1k r
beam's | cemiral beam™ | Betueen rase, bt een dose, belween
deze, avis dose | doze, hlocked & ez Dieare [~ Crgu &
Dew inopen [ Diw open hewm & D Dt
heam
1 36 472 a5 T 33446 | 33 220 36 352 {125 36 454 12 [F &3 2aHES 1 00248202
X 0502 91,1143 5414 | 5864 a0 gl EN 0.0 097 093632437 I I6G% 76612
k] 43 472 52411 45 469 | 6183 45 049 [ 1.0z 45 477 L 03 [ OS8I9TT200 | [ QI03710}7
R Bcohed beam F 3
G0 Cpan baem
& I Zamhons
] Empria’
531 |—
‘E 4qc 4
E —
c — 4 2, %
E ¥4 : : ' I +
[ L 1 2 3
3o
(=]
2 d
19
o —
1] 1 2 A 4
Dose measursment powICE *
3

3 {ii} : Double Cornea Block
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Corner Block
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Table 3(lll} : ®°Co-beam: Field type: Square, Field size: 10x10 em?,58D = B0cm, Depth=0.5cm

Poanty Dose measuted with 0 & ce Farmer tvpe 100 ] Latculated dase in I Calculated dise m Cerrres, tion Carrection
alonyg chacttber 1n civdmin ci3vmin elrvernin Facrur Facruor
H-ibors i largksans method) {Empirieal relation £ CF
Bloched [ Mata Open Yediflerence | Caleuluted | Yeditference | Cafculated | %odiieren.e g !
bram's | eenual beam™s | benveen dase hetween duse, Betieeen
o, s dose oo, hloched & Liraiw, | B, Dpw, Cropa &
Dhe e 1N opE Dy open heam &l Dz
beam
1 A 203 gl 507 Gl | 5410 57 Réd 287 Ak 203 287 1401652719 Day[2845n
2 56192 91,572 &l 309 [ 8334 AT 71 263 56 152 263 101473415 (FI7305754
3 =G LB 3] 554 Bl 200 [ B 201 =7.763 2T 6 181 274 F 01745024 0.97261554
4 Aoz ol B 949 | & 200 57.a42 23 25042 261 | M&L3RET 0 %7370340
| 5 54 208 B8 455 S9 180 | 250 33765 2483 54 298 2.6 | DIS6R3ET [_OD756RET]
L] P 2850 IERYS F 3278 | 27,234 | 24724 3.5 [ 23 %53 ] 351 I EI2053732 [ 9E400557
I Ekckéd beam y
an ] =21 ent baguins
BN Clarckson's
1 Empinzal
cwl 1
E i
= -
5 |
c I I 23 4 56
A= - L 54
g < | 5 -
£ =
B Il
o H l
A ] E
o+
0 1 z 0 cm
Dase: measurement points 3 (iii) : Corner Block
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Table 3{IV): 50Co-beam: Field type: Square. Field size' 15x15 ¢m2,38D=80 cm, Depth=0.5 cm

Pomts [ Dase measured wath O 6 ce Farmer typs o Caloulared dose in Cal ulated dose i Comrection Cormecti
along cliamber 10 oGy min 2E NN o yfeLin Facur Feclor
H-uxis i larckson’s method) {Empuirical velaliong o CF
Elothed | %%to Qpen Fuditterenze [ Calcoluted [ %odifforence | Culoulared | %hdiFlerence ok '
beam 5 central beam®™ | hetween daze hetween dose, berween
diae, aiis dose | dose, Bocked & | Deaw Darw B w Deaw &
L w inopen L oapen beamm &y D
beam
I 31336 50 441 64,140 | 4936 35371 3 a2 32356 362 0 3E13054T QRS5E1409
1 12575 733 &4 135 | 443§ Jinih 402 Jr 502 d41 [ FRE0IZTT 0587685
3 32329 A7 64 122 ] 4019 34 145 4 74 321527 4,74 3 592TR335 0 Q5263675
q 32491 i asa A3 RIT | 2909 34 174 4 2] d2 494 4 82 0 3935650 0 55083357
5 31 33) S0 416 H3 788 [ 4923 31219 537 32 382 537 0 5GnJ3358 094531330
L] 122148 3226 B3 N9 | 4392 14143 503 L 3 6d Qa0L48870 0943564563
I E'ocked bearn
[ Qpen bean
EE Classksen's &
L 1 Empir zal
BO -
£
E &p 4 i
=
2 an
S ¥ o
2 s 12 3 b
[ |
= - ///
s =
Q@
(2]
[=]
s
7
Dose measuvrement pent 13 cm
3 {iv) : Half Beam Device
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Corner Block

Experimental method and facilin

Table 3 (V) ; °Co-beam:Field type: Square, Field size:15x15cm?, 550=80cm, Depth=0.5 cm

Faunts Dioze measured with 6 oo Farmer Dope won 1 Calzulated dose in Calculared doge in [ aTection Carrecluin
alng chamber iy G rin clrvinsin cymin Faceor Factor
X-axes [Clarckaon's method) [Empirical relaticn) Cr CF
Blocked | %ta Cipen Sadifference | Calcoluted | %9dilfersnee | Caloulated | %diftercnce Fi r
bearn’s central Beam's | berween dose belween duese, hetwgen
duoae i dose s, Blocked & Do, D{gw ng ™ D-;_au,- &
O 1M Open Dy pEl boa D, [
bean
1 X 96 098 a1, ]46 | 250 #3309 272 al 643 172 IR 1} 97 276064
2 &l 695 Gh [ RS ad 115 | 244 63 370 274 fl.032 274 b 09080556 [ A5/
3 6l ads B5 045 fd 02 | 241 53372 273 &1 H00 278 LRG3 0 o721Ta58
4 fl 429 45 T 3 R5) | 240 03163 1549 514209 256 LOF7910ns | 997400373
5 f1 138 95 511 33.7%8 | 266 62 675 | 245 a1 138 245 1.0 L7dd0d | 897346701
& Al &l 04 785 RLO?D | 225 G2 172 [ 220 B0 401 221 195305588 | 097195047
I Slozked beam
=3 Qpen beam
o - BN Clarckson'a 4
[ Impirecal
B0 1
Ui
E sp A :
) i -
: (|
= 40 I
,;% 50 - | s 1 2 3 4 5 4
3 o7
o . L )
4 2o o J . —
)
t0
a — AR L
o 4 5 B T ﬂ
Dose moaazaremoanl pomls v
13Ccm
3 {v): Corner Block
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Rectangular Block

Exgperimento! method and facitity

Table 3 (V1) : 80Co-beam: Field type : Square, Field size: 15x15 cm? S50=80cm, Depth=0.5¢m

Foinis [ase measured wich 0 6 oo Fammer bepe wm ] CMenlatzd dese in Culiulated dowe 10 Larrestion CarnegtLon
alemag chamber in oy mn LT T cCrs fmite Fuctor Factar
Mowern | %o ifterence hetween Blogked £ open heam [Clarckson g method) \Empinicil relatnm) ! CF
Caleulared dose Doy w Ik o
Glackad | %elo Cipen Swdifterenee | Caleulated | %odiffercnae § Caleulated | 2odiifecence
b a5 centeal Beam s | Bebwech dase, berwezn dise betwech
dase, avig dose | dose, blocked & Lo e Doyt 1 D e Degw &
Che g, 11 Opct Cha nper heam &l . Dey
beam
| L) 95 202 ad 145 | 202 B2 284 | &4 61127 1 861 1 UTR0SIRSE | O93L38TLL
2 61382 | 95 59 64 B35 | 277 62 559 141 &E 362 1913 P390 108 | GORNETORY
3 f1 138 I GOT O &2 | 2 am fr2 454 141 | 6] 539 | i | 084351347 | G93190165
4 51 205 G5 415 B3B3 | 245 62712 I TE I bl 204 | 1377 1LOBAEM005T | 098323605
3 B0 254 Cs 047 617908 | 285 a2 0E2 | T3 | Bl 958 | 791 [ | CRI4NE216 | 0 RE207895
[ & ) 520 %4 347 G073 | 256 61,433 | 47 [ 6520 1470 [ 1 0E21ER437 g DoRaI0ONIS
I Ooen bean
=1 Blzcked beam
g = B Clackzon's &
T} Emprical
I | o I | '
= il A
X5 i
= H
m a
| '
: g L2 34 58
g 5 '_'_'_'_'_T
-§ 0+ | \ l
2 : | '
20
g il
wd |
1 1|
o L L. ) LI N1 N —
a 1 e -] 7
Dose measurement paints 3 [Vi} . Rectangular block
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frregular Shaped Block
Table 3 {VIl) : $%Co-beam:Field type: Square, Field size:15x15cm?, 550=80cm, Depth=0.5 cm
Fninty Dase measured with 0 4 ce Fanmer tepe 1on Caleulatad dose in Caloulated dose Comestion Carregtion
along charnber 1 cGyamn wiyimin (Gp/min Factor Facear
Xoavig {Claccksen 3 maothod) {Empirizal relation) O CF
Elocked | %Mo Cipan LetdriTerence | Caloulated | %odiference | Cafculated | %adilference FEL 1
beams central heam's | bebvesn dose. helween diee batwecn
dase, weis dose | dose, Bloched & Dew 2 Mo Dem w Douw &
Dew LA opEn [ open beam Aln Dlem w
beam
1 5B 534 a1 25] 64 146 | 873 58 B17 4% 38354 4% 1014914443 (1 501758
2 58307 91,303 H113% | B RE 3B 42 i} 47 | 58 567 047 | 01959424 0 GO53I29R%
3 sE 42 a1 a7 A2 | B7F 38 &% 147 38 421 047 181903075 | 0B955141]
4 SE 242 QB 738 G385 | BT 58516 047 S22 147 10180363 099531158
3 37,4973 AT GaTIE | 913 I 58 252 148 5T L75 042 i O]4E953%2 R
t 57445 | 80554 | 3079 | GU3 [ 279 1147 %7 443 OER 101633420 | 0 99325630
B Bkt o=
] Cpenibamnm +
Crarmhaon =
714 1 Erpird X’/
0 4 /
v &
o
o
H ; 12 3 4 5 6
2 - E -+
g L "
L —
a ¥
10 | A
o il Wk |
o 1 z El L a \\\ %
Dk MAIBSUFEICT ABINLS ¥
15 em

3 {vii) : Irregular shaped Block

[Rectangular + Doubfe Corner Blogk )
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Expermrental method ard foctly

lrreguiar Shaped Block

Table 3 (1X) : %Co-beam: Field type: Square, Field size: 2525 cm2 S5D=80cm, Depth=0.5¢cm

Pomes Dece measueed wath O 6 co Facmer [vpe e Catelsied dose n Caleulaed dose n Correcnion Careechon
whing charmber v cGyfmm ciiymin ciryfimin Factor Faciaor
X-axi (1 brckson 5 mesliod) [Empincal relation = OF
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Inverted-Y Block
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Mantle Block

Experimental mathod and facifay
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50 DATA ANALYSIS

in direct measurements the observed dosimeter (electrometer) reading from the ion chamber
positioned at diflerent interested points in irregular and open helds were corrected for

obtaining the doses as roentgen/min for “Co by using the formula

X=MNLC  CLC, S— Y
Where M = Dosimeter reading
N, = Chamber calibration factor for temperature and pressure
C, ,= Correction lactor for temperature and presstire
C. = Tlon recombination correction factor and
C, = Stem leakage correction factor

Since we were interested in telative dosimetry rather than absolute one, the observed data
were cotrected for temperature and pressire only while the other two correction factors were
neglected for simplicity and assuming minor variations in the casc of relative dosimetry
systern. The obscrved readings thus converted to roentgen (X)/min were agan converied to

absorbed dose in medium by using the following refationship:

“X.fo A, e (55)

e T ey

D

o,

Where X = Roentgen/min for “Co

f..,= f-factor or roentgen to rad conversion factor

=ﬁﬁm[£ﬁ] I[Eﬂ]
"ﬂ med ‘n @

A,, = Ratio of the energy Muence at the center of the equilibrium mass of tissue to

that in frec air at the same point.

However, the factor 4, , which is very small, particularly in the case of ®Co were ignored

again for simplicity of data calculation. During data analysis, it was also assumed that these
comection factors would have very small impact on the final data sets which would be
propagated through out the entire data caleulation system. In addition, since the [inal data

sets were presented as percentage differences in all cases, so it was assumed that this
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propagation errors in data sets would not hamper our prime objectives of dose imvestigation
and asscssment of its accuracy in irregutar fields on the basis of relative dosimetry concept.
The [inal dosc vahues in different irrepular fields wers presented in Tables-3(1 - X1} Thesc
directly measured dose wvalues n irregular {blocked) ficlds were being comparcd with
calculated dose wvalues derived by using Clarkson’s method of dose caleulation m
rectanpular fiefds. This Clarkson's method can be applied for calculation of dose at any
pount in any irrcgolar ficlds. For application of this mcthed to the present work the irregular
(blocked) Melds were divided tnto a number of elementary scetors by drawing rachi from the
point of calculation 1n the plane of the field cross-sectton at any depth d. Each sector was
characterized by its radius and could be considered as part of a circular field of that radius.
In the present smdy the sector anele was 10%, then the scatter contribution from this sector
would be 10°%360° =1/36 of that contributed by a eircular [feld of that radius and centered at
the point of calculation. Thus the scatter contribution Irom all the scclors was caleulated

and summed by considenng each sector 1o be a part of s own eirele. The 54X values for

the sectors were calculated and then summed to give the average scamer air ratio SAR} for

the imegular feld at the point of calculation for sectors passing through a blocked area. the

net SAK was determrined by subtracting the scatter contribution by the blocked part of

sector. The computed (SAR] is converted to averape tissue —air ratio [TAR] by the equation

JAR = TAR{O)+ SAR S— 5!

Where TAR(0)is the tssuc — ar ratio for 0xf field ie. ?244’%{0):5";" “lwhere g is the
average linear attenuation coefticient for the beam and d is the deplh of dose calculation

pomt

In our study dosumetry of iregular [ields was performed by the method using TARs and
SAHRs. The irregular field at depth d can be divided into n clementary sectors with radii

emanating from any point P (say). A Clarkson bype integration my be performed to have

averaged Scatfer Alr Ratio SAR({! oo d} for the rregular field ry
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'I n
SAR(d.r,)=— SAR(d,r,) e T
L -
where 1, is the radius of the ith sector at depth d and n is the total number of sectors
1 = 27/A0 18 the sector angle.

The computed m(a’ 7, ) is then convered to TAR(d,r,) by using the equation

[0
TAR(d,r, )= [K TAR(d,0)+ SAR(d, ,)]x_ }} .......... (58)
u’
Where X, is the off axis dose ratio representing primary dose at P relative to that at the

central axis. TAR(d,r,) may bc converied to the percent depth dose P(drf) by using

equation

.0

S, ]} {uw] 59)

»
) s (f +d)

5
Pd.r, f)=100[K , TAR(d,0)+ SAR(d, 7, )] T

The [inal expression lakes the form

P(d,r 1) = 100K, TAR(d,0)+ SAR(d, , )} 1+'Sﬁ[; . {({r +r{;ﬂ 60)

This is the basis of Clarkson’s method. In the case of an irregular (blocked) field, the dose at

any point P (say) can be calculated by the following mathematical formula based on

Clarkson’s method:

SsD+4  V{7AaR (1
= (OFDWPEF mex | ] | | atdepthd,, ~  —-eeeeee 61
(OrD)( )( SSD+d J [BS‘F]LTFJ AP Sma (61)

Where OFD = Open Field Dose rate
PEF = Phantom Exposure Factor

SSD = Source to Surface Distance
d_.. = Depthof maximum dose
d = Dose calculation depth

TAR = Average value of Tissue Air Ratio
BSF = Back Scatter Factor
TF = Tray Factor
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In the present work, we have calculated the doses in irregular fields at different points using
the above formula (61). The dircet measurement dose values i irregular flelds at different
points were compared with the caleulated dose values at the corresponding points in

respective fields obtained by using the above formula (61).

The direct measuremeni of doses was made for hoth blocked (imegular) and open fields for
each interestad ponts i the respective fields. The observed dose values in bolh [elds were
compared and percentage difference between these values was determined. The direct
measurernent dose values at differemnt points were normalized (o the central axis dose values
in open fields. These dircct measurement values in the blocked field were also compared
with the calculated values obtained by using Clarkson’s method based on equation {61}, A
percentage difference between the dircct measurement values and (he corresponding

calculated values obtained by using the above equation were also presented in

Table-3T - XI}.
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6.1 RESULTS AND DISCUSSION

ihe dosimetnic scan of beam profile to check the performance status of Alcyon LIF90106
"o teletherapy unit was done using 10x 1{em” field size with 80 cm SSD at 0.5 em depth
in solid phantom aleng the major axes {x. y-axcs). The performances were found satisfactory

which are presented in Tables | and 2 and grapbically in figs.25 and 26.

In this thesis work we have investigated the accuracy of dose measurcment in irrcgular
photon fields usually encountered in routine radiotherapy piactices theouph companson of
dircetly measured dose values with the caleulated dose values of Clarkson's method and
developed an Empirical relznon for the accuracy of dose preseniption in radiotherapy
treatment procedure. In order 1o serve the purpose, <leven (11} wregular Nields were
simulated in solid perspex phanton. It was cxpected that these fields would almost cover the
different irrcgular [ields usually encountered in daily radiotherapy practices of different
therapy estabbshments. The direct measurement of dose values in these irregular fields were
presented in Tables 3(1 - XT) of “'Co umit. The direct measurcment dosc values in iregular
Letds were compared wath caleulsted dose values obtained by the use of Clarkson’s method
of dose caleulation in bregular photon field and newly developed Enipirical relation. The
Tables 3{I-XI) contain, directly measured dose wvalucs at various interested ponts
different imegular felds, the dircctly measured dosc salues at those points o the
corresponding open Lields, perc;anmge ditference of dose values hetween irregular (blocked)
and open [liclds, caleulated dose values at respective points in irregular (ields (Clarkson’s
method), perecntage difference of dose values between divectly measured and calculated
valucs dese (Clarkson’s method), calculated dose values at respective points in tregular
ticlds (Grpirical relation), percentage difference of dose values between caleulated dose

valugs of Clarkson’s method and Cmpirical relation, the numencal values of correction

factors 7, and CF

The ditectly measured dose values at different points in imegular {iclds were nomalized to
the central axis dose values in the respective open ficlds. In this study, since directly
measured dose values arc in geod agreement with caleulated dose values of Lmpirical
relation. so that, the dose caleulated by Empirical retation could be presented as normalized

to the central axis dose values in the respective open fields for dose estimation in irregular
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fields. It is thus, expected that dose estimation in irregular fields could be approximated
with reasonable accuracy [rom the caleulated dose values of empirical relation nonnalized to
central axis beam dosc data in reapective open lelds.

The observed mean percentage difference with 1sd (standard deviation) between directly
measured dose values at different points in irrepular (blocked) fields and the corresponding
dose values at those points 1 open fields of Tables 31 - XI) for ®*Co were found to be
15.93% +12,98 (range 6.26% — 34.28%), 16.42% £ 12.63 (range 6.18% — 34.22%),
11.44% + 7.06 (range 820% -~ 27.23%), 49.20% £ 0.19 (range 49.09% - 49.56%),
2.45% £+ 0.12 (range 2.28% - 2.66%), 2.75% = 0.15 {range 2.56% — 3.02%), 8.83% 1 0.15
(range 8.68% — ©.13%). 8.88% £0.03 (range 8.79% — 8.95%), 8.38% £ 0.07 (range 8.31% —
8.49%), 47.62% + 22,59 (range 17.93% + 8141) and 12.47% + 5.07 (range 6.56% —
19.96%).

The averaged value ol these mean differences wilh lsd was (ound to be 16.76% % 9.12

(range 2.45% — 49.20%)

The mean percentage differences with 1sd between directly measured dose values and
calculated dose wvalues by Clarkson’s method at the corresponding hregular fields of

Tables 3{ - XI} were found to be—

0.658% + 0.427 (range 0.055% - 0.998%), 0.747% + 0.352 (range 0.250% — 1.020%),
2.835% 1+ 0314 (range 2.63% - 3.31%), 4.7153% £ 0.706 (range 3.62% — 3.63%),
2.580% + 0202 (range 2.20% - 2.78%), 1.770% = 0.14] (range 1.47% — 1.91%),
0.475% + 0.008 (range 0.47% — 0.49%;), 3.127% + 0.005 {range 3.12% — 3.13%).
2753 + 0.003 (range 2.75% — 2.76%), 5.998% £ 1301 (ranpe 4.43% - 7.34%),

2.147% + 0.207 (range 1.93% - 2.46%).

The coefficients of correlation berween the directly measured dose values in irreguiar fclds
and the catculated (Clarkson’s method) dose wvalues in the comresponding fields of
Tables 3(I - XI) for ®°Co were found to be 0.999, 0.999. 0.999, 0.999, 0.99%, 0.999, 0.999,
0.999, (0.999, 0,999 and 0.995. The mean value of these coefficients of correlation was found
to be 0.999.
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The observed averape value of uncertainty between the directly measured dose values and
the calculated dose values (Clarkson’s method) in the corresponding fields of Tables
3(1 - XI} for ®'Co umt were found to be— £0.330%, £0.374%, +1,430%, £2.420%, +1.310%,
10.894%, £0.239%, +01.587%, £1.3%%, £3.090%, 1.086% respectively.

The comresponding values between calculated dose values of Clarkson’s method and newly
developed Empirical relation in the corresponding fields of Tables 3(I - XTI} for UCo were

[und to be —

0.658% £ 0.427 (range 0.055% - 0.998%), 0.740% = 0369 (range 0.220% — 1.030%;,
2.835% £ 0.314 (range 2.830% — 3.510%). 4.717% £ 0.709 (range 3.620% - 5.640%;,
2.582% =+ 0.199 (range 2.210% — 2.780%), 1.770%+ 0.142 (range 1.470% - 1.913%),
0.475% + 0.008 (range 0.470% — 0.490%), 3.127% £ 0.005 (range 3.120% — 3.130%),
2.752% £+ 0.004 (range 2.750% — 2.760%), 5.998% t 1.3(1 (ranpe 4.380% — 7.340%),

2.147% £ 0.207 {range 1.930% - 2.460%).

The coeflicients of corrclation between the directly measured dose values in iregular fields
and the calculated (Fmpirical refation) dose values in the corresponding fields of
Tables 3(I - XT) for *’Co were found to be 0.999. 0.999, 0.999. 0.999, 1, 0.999, 0.599, 0.999,
0.995, 0.999 and i rcspectively. The mean value of these coellicients of correlation was
found 1o be 0.999. This means that the directly measured dose values are in good agreement

with both Clarkson’s method (0.999) and newly developed empirical relation (0.999) for

**"Co unit.

The observed average value of uncertainty between the calculated dose values of Empirical
relation and Clarkson’s method in the corresponding fields of Tables 3(I - XI) for " Co unit

were found to be— £0.330%, +0.374%, £1.430%. £2.420%, £1.310%, +0.894%, +0.239%,
+1.587%, £1.390%, £3.090%, 1.086% respectively.

The averaged value of these mean values (i.e. Dwect method & Clarkson’s method and

Clarkson’s method & empirieal relation) were found to be—
2.528% + 1.622 (range (.475% — 5.998%) and 2.527% + 1.623 (range 0.475% ~ 5.998%)

for *Co unit.
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The mean differences with 1sd between directly measured doge values in irregular fields and
caleulated dese values at the corresponding fields by Clarkson’s method arc approximately
equal to that of the Clarkson’s method and newly developed Empirical relation. This is due

10 the good agresment between the directly measured dose values and the calculated dose

values of Empirical relation.

The averaged mean percentage difference 16.76 % = 9.12 (range 2.45 %— 49.2%) between
directly measured dose values at different points in irregular (blocked) fields and the
corresponding points in respective open fields could be considercd statistically significant in
case of dose prescription for a patient reeeiving radiotherapy treatment with irregularly
shaped photon fields.

The averaged value of uncertainly between dircctly measured dese values (blocked) &
calculated dose values (Clarkson’s method) was £1.291% and the corresponding value
between Clarkson’s method and newly developed Empincal relation was +1.291% which is
statistically satisfactory because according to the Intemationa! Commission on Radiation
Units and measurements {ICRU) the dose dehivered to the target volume should be at least
within 5%,

The other infermation which were expected to be useful in routine radiotherapy with
jrregularly shaped fields is that, since in our study, directly measured dose values in
imegular fields are in pood agreement with calculated dose values by Empirical relation, so
that, the dose calculated by Empirical relation could be presented as mormalized to the
central axis dose values in respective open fields. It is thus, expected that dose estimation in
irregular fields could be approximated with reasonable accuracy from the calculated dese
values of Empirical relation normalized to central axis beam dose data in respective open

fields.

For any paricular irregular field, the directly measured dose values at different peints as
normalized to the central axis dose values of corresponding open ficld could to be used to
find the desired dosimetry information available of that imegular field in routine
radiotherapy practices. But, since the direct dose measurement procedure is time consuming,
so that, the Empirical relation could be useful for the dosimetry of different irregular fields

following the dosimetry protocol of radiotherapy to maintzin the accuracy of treatment
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procedure. 1o sustain the accuracy of dosimetry in irregular feids the correction factors of

Empirical relation was determined relative to the dose valucs of dircet meesurement and

Clarkson's method.

As the primary aim of our present work was intended to investigate the accuracy of the
deses in irmegular photon fields by direct dose measurement method based on the use of ion
chamber, in comparison with Clarkson’s method and newly developed Empirical relation,

we caleulated the doses by the Clarkson’s method and the Empirical relation. Dose

calenlated by the Empirical relation using the correction factors €, andCF, is found

approximately equal to ihe directly measured dose values.

It was observed that it the points of measurement were closcr to the centre of the photon-
field, the dose values were close enough in comparison to the direct measurement values as

well as the caleulated values obtained by Clarkson’s method and newly developed empirical

relation.

It was observed that if the points of measurement were closer to the central axis of the field,
the calculated dose valucs {Clarkson’s method) were close in comparison to the direct
measurement dose values, on the other hand, for points Iying on the peripheral zone of the
ficld i.e. away from the central axis of the field, the results were over estimation of doses in
comparison to the direct measurement dose values. Table 3(VI&XI). Theoretically, we
know that the use of shielding for beam modification would reduce cerfain dose values,
because of lowering scattered radiation especially from phantom or patient i.e. lowering
BSF. In our study we observed that for corner shielding block of held size 1010em® and
15%15cm’ the mean percentage difference of dose reduction values were 11.44%+7.06 and
2.45%10.12 respectively. Although the dose reduction value in 10 10cm? field size was

greater than that the field size of 15><15cn11, the blacked beam doses in 15X15cm® was

greater than that of 10% 10cm? as a result of larger feld size, Table 3(IIT & V). This means
that the total dose values at any point in the [ield is dependent on the field size, beam quality

and above all how many portion of the [ield was blocked.
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The imporant finding of thig study 18 the remarkable reduction of dose values expressed in
percentape difference between directly measured dose values at differcnt peints in the
iregular (blocked) fields and the dose values at the commesponding points in the respective
open fields, which is statistically significant. In this study, the observed averaged value of
mean percentage differcnce with 1sd (standard deviation ) between divectly measured dose
values at different points in irepular {blocked) lields and the comesponding dose values at
those points in open fields was found to be 16.76% £ 912 (range 2 45 %4 49.2%) This dose
reduction in blocked fields can reasonably be considered sigmficant in routine radiothcrapy
practices with *’C teletherapy units where wregular fields are very commen during treatment
of a patient, For a single dose application, the dose reduction 16.76% = 9.12 might not be
significant hat if a patient is planned to provide 30Gray dose in 40 fractions (say) with a
view to complete gradication of s or her tumor, this dose reduction becomces significant,
hecausc, in that case. the patient would receive a dose about 13.4C0may less than the
prescrbed dose which might result in under dese treatment with consequence of lowering
the probability of tumor destruction and is not totally desired in a radial radiotherapy

practices

In our country as Medical physicist is not available 1n most of the therapy units so, as a
commion practice, when beam modification is necded o protect cerlain critical organs from
unnecessary radialion burden, required portion of the ficld is usnally blocked to serve the
protection purpose but dosimetry requirements in thal case 15 very oflen 1gnored and thus
providing a dose that 15 tower than that expected which nught result in under dose treatment
and the entimc tecatment docs not come out with desived mesults. The newly developed
empirical relation in our smudy could be useful for the dosimetry of irregular fields following,

dosimetric protocol to aveid under dove treatment problem.
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6.2 Conclusion

From this study wc can conclude that the newly developed Lmpirical relation could be
useful for the dosimetry of irregular fields in daily radiotherapy treatment procedure.
Alzgo, this study provides us quantitative information about dese reduction in irregular
{blocked) fields in comparison with the open fields of corresponding size thus it can be
concluded that, to sustain the accuracy in radiotherapy treatment procedure for the proper
treatment of cancer patients with iregular {ields, either the radiation oncelogist should be
meticulous to provide extra dose after doing proper dosimetry of irregular fields by the
newly developed Empirical relation or must be taken into account abhout 17 — 18% dose

reduction in irregular (blocked) fields {or respective **Co unit.

Beam modification with approprizte shelding block 13 imponant in day-to-day
radiotherapy treatment procedure, with paying due attention in making desimetry
information available for the blocked beam, so that, entical organs could properly be
saved wilh prescribing adequate dose for the accuracy of dose delivery in treatment of
malignant diseases. In this regard the newly developed Empirical relation could play a

vital role so that adequate dose could be prescribed to have desirad treatment results.

Int pur study we have simulated eleven (11} irregular fields which would cover the most
usefl irregular shaped fields required in rouline radiotherapy practices and since dwectly
measured dose values in irregular fields are presented as normalized to the central axis
dose values in open flelds which are in goed agreement with calculated dose values by
Emptirical relation, 5o it is expected that dose estimation in irreguiar flelds could be
approximated with reasonable accuracy from the dose values calculated by Empirical
relation normalized to the central axis dose values in respective open fields. Thus, the
calcuiated dose values of Empincal relation normalized to central axis dose values in
respective open lields could be approximated with reasonable accuracy as the estimated
dose of irregular ficlds in respective open fields. More required dosimetry data in daily
tadiotherapy treatment procedure with imegular fields could be found by using the

empirical relation with appropriate correction factors,
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Appendix-1

APPENDIX-1:

(a) Examptle of dose calculation in Clarkson’s method:

Block: Rectangular shielding block
Block material: Lead
Block Length: 13.]1 em
Height: 5.15 cm
Width: 5.0 cm
Sector angle: 10° (ten degree)
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Fig. 29: Example of dose calculation (say at point P} in Clarkson's method of
irregular feld
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APPENDIX-2:

Different simulated irregular fields with interested points of

of the experimental work.
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APPENDIX-3:

Dose calculation formulism used in irregular fields:

Dose calculation in Clarkson’s method:

Dy = (UFD)-(FEF}.[ D o ]2[ IAR ]( ! )

S +d ASF N TF

Where
QFD = Cpen Ficld Dose rate
PEF = Phantom Exposure Factor

58D = Source to Surface Distance
d = Depthof maximum dose
o = Dose calculation depth

TAR = Average value of Tissue Air Ratio
ASF = Dack Scatter Factor

TF = Tray Factor

Carrected calculated dose.

l[:Ir..m' - D

L cal

by 'P;.F;.'rm. X KTP

Where
PW__ = Phantom to water conversion factor

Ky, = Temperature- pressure corrcction factor

Dose measuraed in experimental method:

Corrected measured dose.

De, =D xPW  xP xKy

[lcy (S04 Cist

Where
P = Phantom scatter factor
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Dose calculation in Emparical relation:

D =

EATIE o

*CF,

L Mg el

Where

— L ——

Correction Factor, Cf,= ——==rl  f=123.. . .7

W, et

i §5SD+d V{TARN( 1 ]
D, = [{(OFD)PEF i [
R, sl { }{ l[SEDd—d ] [BSFJ(TF:|

[ SSD+dy, \ (TARY( 1
D, = | (OFDMPEF }[ D+ d ](BSF}[FJ

D""”"”ﬁmr.l:u’ = (GFD}X C:xk x (:'F; x KTP‘

Where
Cerrection Factor,

SSD+d Y (TARN( 1
Vo= [(OFDMPER) e | [T
Con {(O X )( SSD + d J (BSF){TF

x Kpp x CF

]-K?.u = CF,

].Pw;m } ok =12..n
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APPENDIX-4:

Normalization of calculated dose values’ of Empirical relation to the
corresponding open fields

Fields | 3() | 3¢i) [30i) [ 3Gv) | 300 | 30vi) | 3(vid) | 3vil]) | 3G | 3¢x) | 30xi)

o5 of calculated dose values of Empirical relation in irrcgular fields at difterent peints

Points to central axis dose in the respective open flelds.

1 65.72 | 65.78 | 91.59 | 50.44 | 96.09 | 93.29 | 91.25 | 91.078 | 91.14 | 82.07 | 90.81
2 93,60 | 91.08 | 91.57 | 30.78 | 96.15 | 95.66 | 91.30 | 91.09 | 91.51 | 7V5.23 | 80.01
3 21.10 | 82.01 | 91.55 | 50.71 | 96.05 | 95.61 | 91.08 | 91.06 | 91.52 | 60.96 | B1.14
4 91.16 | 50.66 | 95.76 | 95.42 | 90.79 | 90.78 | 91.39 | 44,33 | 87.95
5 88.48 | 50,49 1 95.31 | 95.05 | 90.38 { 9049 | 91.12 1 32,57 | 91.13
6 38.88 | 5023 | 94.79 | 94.35 | 89.55 | 89.88 | 90.77 | 18.41 | 92.84

*The calculated dose values of Empirical rclation using the correction factors € and CF

at different points in irregular fields was found to be exactly equal to the directly measured
dase valucs, which is normalized to the central axis dose values in the corresponding open
fields.
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APPENDIX-3:

Different lead blocks used in the experimental work.

[TEErITH
+

trralEiii

Fig. 31: DifTerent lead blocks used te produce different irregular shaped photon fields
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APPENDIX-6 :
Definition of certain relevant terms:

Absorbed dose:
The absorbed dosc is a measure of encrgy imparled 10 matter by the ionizing radiation

per unit mass of the material at the place of interest.

Back Scatter Factor (BSF):
It 15 defined as the ratio of the dose on central axis at the depth of maxtmum dose to the

dose at the same point in free space.

Build Up:
The region between the surface and the point of maximum dosc is called as the dose
build up region and the dose as build up dose,

Calibration factor (CF):
The quotient of the conventional true value of the quantity being measured divided by

the indicated value corrected to the refercnce condition.

Collimator scatter factor {8.):
The ratio of the cutput in air for given field to that for a reference field (c.g.10x 10cm?).

Correction factor:
A dimensionless factor by which the indicated value is multiplied w0 compensate for as

assumed systematic error or to converl from the value when operated at a particular
condition to the value when operated at a stated refecrence condinon.

¢Gy: Subunit of Gy known as centigray (cGy) and is equivalent to rad.

Gray: It is the ratio of 1 joule of absorbed energy to 1 killogram of material. i.e. 1 Gray {Gy)=
1 J/Kg.

Indicated value:
The value of a quantiry derived fro the scale reading of an instrument by application of

any scale factors indicated on the instrument panel i.e. uncorrected value.

Ionizing radiation:
X-ray, y-ray, neutron, alpha, beta and other heavy charged particles lose their energy in
the medium through ionization and or excitation along their traversing path in medium

and termed as ionizing radiation.

Kerma:
Kerma stands for kinetic energy released in the medium.

ILeakage current:
Any current arising in the ionization chamber or measuring assembly that is not

produced by ionization in a sensitive volume.
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Mcasured value: i
The best cstimate of the true value of a quantity, being derived from the indicated value

of an instrument together with the application of the calibration factor and all other
relevant correction factors.

Non-ionizing radiation:
Light wave, ultraviolet light, microwave. radio-wave etc. refers its name as can not
produce any ionization in the medium through which they are moving and causes no
known or observable biological cffects in living organmisms.

Port ilm:
The purpose of porl filming is to verify the treatment volume under actual condibions

of treatiment usually done using @ diagnostic or simulator in radiotherapy practices and
preserved as a legal record.

Primary standard:
An instrument of the highest metrological quality that permits determination of the unit

of a quantity according to its definition. and accuracy of which has been verified by
comparison with the comparable standards of other institutions paricipating in the
international measurement systemn.

PSDL:
The primary Standard Dosimetry Laboratory is a national standardiczing laboratory
designated by the government for the purpose of developing, maintaining and

improving primary standards in radiation dosimetry.

Penumbra: .
The region, at the edge of a radiation beam, that is pariially shielded from primary
photons from the source, and over which the rate changes rapidly as a function of
distance from the beam axis (usually region having dose rate of 80% to 20%).

Phantom:
A volume of tissue equivalent material usually large encugh to provide full scatter

conditions for the beam being used.

Phantom scatier ratio (Sp):
Ratio of the dose rate at the same depth for the reference ficld size {e.g., 10%10cm),

with the same collimator operating,

Quality of radiation beam:
A term veferring to the ability of a radiation beam to penetrale matter. For low and

medivm energy X-ray beams in radiotherapy, it is usually expressed in terms of the
half value laver, for high energy x-ray beams, it is expressed as TPR (20/10} and for
radiation protection dosimetry, it may be expressed as equivalent energy.

Rad:
Unit of absorbed dose or simply dose which represents the absorption of 100 ergs of

energy per gram of the absorbing matenal.
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Roentgen:

Unit of exposure and is a measure of the fonization ability of a photon beam (x or y) in
alr with photon energy not higher than 3 MeV. Roentgen was originally as the amount
of x or y radiation required to produce 1 esu (electrostatic unit} of charge of either sign
in I cc air at STP (standard tempcrature and pressure}. The current definition of
roentgen is equivalent to 2.58x10™ coulomb/kg dry air at STP which is equal to the
original definition if the charge is expressed in coulombs (1 esu = 3.33x10"! coulomb)
and the volume of afr is changed to mass (i cc of weight 1.293x10%kg at STP).

Radiation:
It is the emission and propagation of energy through space or material medium.

Radioactivity:
The phenomenon in which energy is given off by disintegration of the nuclei of
radioactive atoms is termed as radioactivity.

Reference standard:
A standard of the highest metrological quantity available at a given location frem

which measurements made at that location are derived.

Response:
The quotient of the indicated value divided by the conventional true value of the

quantity being measured.

Secondary standard:
An instrument calibrated in comparison with a primary standard, either directly or

indirectiy by the use of a working standard.

Secondary Standard Dosimetry Laboratory:
A dosimetry laboratory designated by the competent autherities to provide calibration
services, and which 1s equipped with at least one secondary standard that has been

cabibrated against a primary standard.

Standard:
A measuring instrument used to present physically the unit of a quantity in order to

transmit it to other measuring instruments in comparison,

Simulation:
It refers to the procedure for combined trail set up and verification of the designed

treatment plan using a simulator.
Simulator: A simulator is an apparatus that uses a diagnostic X-ray tube but duplicates a
radhation treatment units in terms of its geomeltrical, mechanical and optical properties.

Scatter-Maximum-Ratio (SMR):
Ratio of the scatter dose at & given point in phantom to the efTective primary dose at the

samme point at the reference depth of maximum dose.
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Scatter-Air-Ratie (SAR):
Scatter-Air-Ratio is defined as the ratio of the scattered dose at a given point in the
phantom to the dose in free space at the same point

Tissue-Maximum-Rati (TMR):
Ratio of the dose at depth’d’ to the dose at Dige.

Tissuc-Phantom-Ratio (TPR):
Ratio of the dosc at a given point in phantom to the dose at the samc point at a fixed
reference depth, usually 5 ¢m in the same phantom.

Tissue-Air-Ratio (TAR):

Ratio of dose at a given depih in a phantom at SAD to the dose wilhout phantom at
SAD.
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