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ABSTRACT

To evaluate the accuracy of monitor unit calculabgdthe treatment planning system (TPS) algoritlsingian in-
house designed head and neck phantom. The desigedise phantom was constructed in the shape @bek
using a Plexiglas of density 1.16gftamd diameter 0.3mm. The phantom has provisioriiferhollow inserts for
the ionization chamber and tissue equivalent matemimicking different biological tissues such ag tbone,
Brain, AdiposeandTrachea.The percentage composition mass of various chemical components were mixed
together to mimic each biological tissues.9.5% afbon; 87.3% of water to mimic the brain with 3.88¢4
electron density, 37.03g of carbon; 4.83g of hy@r@5.66g of oxygen; 15.3g of carbon for bone Bi8b3e/kg
electron density, 68.10g of carbon; 19g of oxydehp2g of hydrogen for adipose with 3.100e/kg adectensity,
13.99 of cabon; 71.5g of oxygen; 10.4g of hydrofgerirachea with 3.336e/kg electron density. Thambm was
filled with water and scanned with a Hi-Speed $€&nnerand the images were transferred to the EL&=Rfecise
treatment planning system.Several simple treatmlamts of multiple beams were made with the desigeaitom
using the Area Integration Algorithm configureddgive 1.0 Gy at the iso-centre. Measurements of Moninits
were conducted using 6 MV photon beams from theKEREPrecise clinical linear accelerator with iso+teic set
up. A pre-calibrated NE 2570/1 farmer-type ionieatchamber along with its electrometer was usedet@rmine
the absorbed dose. Necessary corrections for tesmbper, pressure, polarization, recombination factwere
effected on the ionization chamber response. Thdtrebtained show that the deviation between tbeitor unit of
the newly designed head and neck phantom and titeveater phantom were within the +4% accepted liniihe
result show that the monitor unit calculated by theatment planning system algorithm using the-hdnse
designed head and neck phantom is accurate andhbgthantom can be used successfully for rowtmiication
exercises.

Key words: Phantom, Plexiglas, Treatment Planning System, Aregration Algorithm, lonization chamber.

INTRODUCTION

The radiotherapy treatment planning process i\ddfio be the process used to determine the nuimtientation,
type, and characteristics of the radiation beanesl ue deliver a large dose of radiation to a patienorder to
control or cure a cancerous tumor or other proljleth During the management of cancer diseasesdiptherapy,
the prescribed radiation dosedelivered should bheamatrated on the target volume while the dosestmal tissues
and organs at risk are minimized.[20].A qualitywassice program should ensure that all patientdeeaith a
curative aim receive the prescribed dose withinagm of about +5%. [2,3,4,10]. Quality assurancegpam

164
Scholars Research Library



Akpochafor M. O. et al Arch. Appl. Sci. Res., 2013, 5 (6):164-171

ensures that all the components of the treatmeilitiss used in radiotherapy are properly checkedaccuracy and
consistency and that all radiation generating iféesl are functioning according to manufacturepedfication [14].
Following the acceptance and commissioning tess edmputerized TPS, a quality assurance programldtbe
established to verify the performance of the syst8averal ways of carrying out the quality assueanicTPS has
been proposed by various authqi®,15,16,18]Computerized TPS are used in external beam radaykio
simulate beam shapes and dose distribution withittent to maximize tumor control and minimize natm
complications [12]. Treatment simulations are usegdlan the geometric and radiological aspectheftteatment
using radiation transport and optimization prinefpl TPS facilitate prescribed dose delivery in Wwhacnumber of
parameters of the patient and of the tumor havdeotaken into consideration such as the shape, aside
depth.There are several algorithms in treatmentrphg systems that play different roles, however tlose
calculation algorithms play the central role ofccéditing dose distribution within the target volumeany given
point [10].Algorithms are a sequence of instructions that ajgeon a set of input patient and dosimetric data,
transforming the information into a set of desioedput results [10, 21]. For every algorithm, theqgision of the
dose calculation depends on the input parametezd.Tise Presicise PLAN photon beam calculation wses
irregular field algorithm [9,15,19]. The algorithnequires the separation of the dose into primany scatter
components. The concept of this dosimetry of irtagtields using TMRs and SMRs is analogous tortethod
using TARs and SARs [14].The magnitude of the dfveen scattered radiation at some given point can be
quantified using the Scatter-Air or Scatter-maximRatios (SARs, SMRs). Equation 1 explains thisgater Field
Algorithm which is based on Clarkson Integration.

In Clarkson Integration, the dose is calculated pbint(x, y) in a plane at depttias the sum of primary and scatter
dose:

D(x,y,d) = ®(x,y)[TAR(0,dofs) + SAR(x,y,desf)] (1)
Where:

TAR = Tissue-air ratio

SAR =  Scatter-air ratio

dess = Radiological depth

MATERIALSAND METHODS

The designed in-house phantom was made of Plexagléisickness 0.33mm having a density EA6n3 [14]. A
plastic based hardener (allplast) was used forifpldne slab to another to form a cube. The Plexzigised was
purchased from a local plastic shop of dimensidiy 8 feet, a part of which was cut using a plastitter into six
slabs each of dimension 20x20 cm. Five holes weledl on one face. Each drilled hole had a diamefe2.5cm
gummed together using plastic based hardener callpthst’. The phantom block was drilled to ha@dcylindrical

rod (13.5cm) made of plexiglass to accommodatebacOt graphite ionization chamber (NE2571) and also four
holes for the tissue-equivalent mixed chemical® Géntre of the chamber was 10 cm from the endeoblock and
displaced 7 cm diagonally from the other holes. @&hterior block of the phantom, drilled with a 2 gvide hole,
was used to represent an inlet for water. Figusbdivs the assembly of a head and neck phantoningithts.

The mass densities of the tissue equivalent mé&teware derived according to body composition [1pss
electron densities were then calculated from tleenehtal atomic weights, Avogadro's number (6.02204%7°
kmol™) .

The percentage compositions by mass of the tisguéezaent materials were mixed together at Pharnonécsd
Technology Laboratory LAGOS UNIVERSITY TEACHING H®S$TAL to mimic each biological tissues.9.5% of
carbon; 87.3% of water to mimic the brain with 38&g electron density, 37.03g of carbon; 4.83dyafrogen
35.669g of oxygen; 15.3g of carbon for bone with53&kg electron density, 68.10g of carbon; 19g xfgen;
11.02g of hydrogen for adipose with 3.100e/kg etectensity, 13.99g of cabon; 71.5g of oxygen; 1@#gydrogen
for trachea with 3.336e/kg electron density as shimwtable 1 below.

The in-house phantom was filled with water and &mhdith the tissue-equivalent materials and scanmelér a Hi-
Speed CT-scanner. Slices of images were acquiresiXaifferent tissue-equivalent materials as shamw figure
3.A second scan was conducted for bone only asmslimofigure 2. From the acquired CT images, inhoeraities
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were determined using Computed Tomography numbeulasion algorithm. The scanned images were temnsd
to the precise PLAN Treatment Planning System &amb application as shown in figure 4, 5 and 6.

A simple experimental protocol for the verificatiafi the algorithm was also performed between thbouse
phantom and the solid water phantom with Sourcguidace Distance (SSD) of 85cm. According to thislg, the
precise PLAN photon beam dose calculation usesrragular Field Algorithm based on previously pulbéd
methods [9,15,19] configured to give 1.0 Gy at the-centre. The optimal plans were then used with fre-
calibrated Elekta-Precise clinical linear accelarédr measurements.

Trachea

Brain (White Matter)

lon-Chamber
Adipose
Bone
Fig 1: Designed in-house phantom with tissue equivalent materials
Table 1.0: Composition of the mixed chemicalswith their densities
TISSUE CHEMICAL COMPOSTION DENSITIESMASS (kg/m®) | ELECTRON DENSITIES(e/kg)
Brain ( White mattery C=9.5; 0=76.7; H=10.6 1040 3.324
Bone C=37.03; H=4.83 0=35.66; Ca=15%.3 1920 3.353
Adipose C=68.10; 0=19.1; H=11.( 93C 3.10¢
Trache: C=13.9; 0O=71.5; H=10 102( 3.33¢
Bone
Bone
Fig 2: CT scan of the designed in-house phantom (boneinsert only)
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. ) Bone
Trachea
(@) lon-Chamber
Adipose
® p
Brain (White Matter)

Fig 3: CT scan of the designed in-house phantom (all four inserts)
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Fig 5: Six beamswith largefield size (boneinsert only)
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Fig 6: Six beamswith 5x 5 cm? Field Size (all four insert)

Measurements were conducted using 6 MeV photon $dem the Elekta-Precise clinical linear accelaratith
iso-centric set up. A pre-calibrated NE 2570/1 fartype ionization chamber along with its electréenevas used
to determine the absorbed dose. Necessary comechiwv temperature, pressure, polarization, recoatlinwere
effected on the ionization chamber response. Figasurements were made in all, four for in-housenfoma and
one for the solid water phantom. Absorbed dosefatence depth was calculated as follows [1]:

Dy =My X Npw X Kg o, (2)

WhereM, is the electrometer reading (charge) correctedefmperature and pressurgyihthe chamber calibration
factor andKj , is the factor which corrects for difference in tiegponse of the dosimeter at the calibration guali
Q and at quality),of the clinical x-ray beam according to the TRS p8&ocol of the IAEA.

Deviation between expected and measured dose asedh using equation 3

% Deviation =222 % 100 3)
Dm

Where:

D,, = Measured dose

D, = Calculated dose

RESULTS

Table 2 shows the percentage deviation betweesdlitt water phantom and the in-house phantom &%0Table3
show the results of absorbed dose measured usingetdd and neck phantom with single to multiplenbptans at
10 x 10 cri. Table 4shows that the wedged beam has a 2% pageedeviation compared to the other multiple
beam at 10 x 10ch Table 5 show the results of the single to mudtipeam plans at 5 x 5 éwith average
percentage deviation of -2.3%. Table 6 shows thatésult of bone inserts with single to six bedamp at 10 x 10
cntalso has a average percentage deviation of -2.38e TTashowed that the percentage deviation of tadged
field for bone is -3% while the results of the pamage deviation of the wedged field for all insést2%.
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Table 2: Results of absorbed dose measur ed using the newly designed phantom and solid water phantom from a standard plan

Solid Water Designed phantom
0.743 0.746
0.743 0.745
0.744 0.746
0.74¢ 0.74¢
0.744 0.746
0.743 0.745

Average= 0.744 0.746
%Dev = 0.3

Table 3: Results of absorbed dose measured using the head and neck phantom with single to multiple beam plansat 10 x 10 cm?
compar ed using the area integral algorithm

HEAD AND NECK 10 x 10 ¢
Single Beam Opposite beamsThree beams Four beamg Five Beanjs

1.000 1.008 1.007 1.012 1.009

1.000 1.008 1.007 1.011 1.007

1.000 1.007 1.007 1.012 1.009

1.000 1.007 1.007 1.012 1.007

1.00( 1.00¢ 1.007 1.01] 1.00¢

1.000 1.007 1.007 1.012 1.009
Average 1.000 1.008 1.007 1.012 1.008
STD 0 0.0005 0 0.0005 0.0010
% Dev 0 1 1 1 1

Table 4: results of absorbed dose measured using the head and neck phantom with multiple and wedged beam plansat 10 x 10 cm?
compared using the area integral algorithm

HEAD AND NECK 10 x 10 cr® |
Six Beams| Eight Beams Ten Beamg Twelve Beams Wedged Bean)

1.001 1.001 1.009 0.987 1.020

1.000 1.001 1.009 0.987 1.020

1.000 1.000 1.009 0.987 1.021

1.007 1.00( 1.00¢ 0.98% 1.021

1.00( 1.007 1.00¢ 0.98: 1.021

1.001 1.000 1.009 0.987 1.021
Average| 1.001 1.001 1.009 0.987 1.021
STD 0.0005 0.0005 0.0002 0 0.0005
% Dev 0.1 0.1 1 -1 2

Table 5: Results of absorbed dose measured using the head and neck phantom with single to multiple beam plansat 5 x 5 cm? compar ed
using theareaintegral algorithm

HEAD AND NECK 5 x 5 cr
Single Beam| Opposite beamsThree beamsg Four beamg Five Beams| Six Beams

0.989 0.992 0.969 0.956 0.987 0.958

0.989 0.993 0.969 0.956 0.985 0.958

0.990 0.991 0.969 0.956 0.987 0.958

0.99( 0.992 0.97( 0.95¢ 0.98¢ 0.96(

0.98¢ 0.992 0.97( 0.95¢ 0.98i 0.96(

0.989 0.992 0.969 0.956 0.987 0.958
Average 0.989 0.992 0.970 0.956 0.987 0.96p
STD 0.0005 0.0006 0.0005 0 0.0008 0.0010
% Dev -1 -1 -3 -4 -1 -4
Average % De -2.3
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Table 6: Results of absorbed dose of bone insertswith single to six beam plansat 10 x 10 cm? compared using the area integral algorithm

BONE 10 x 10 crh
Single Beam| Opposite beams Three beams Four beamg Five Beams| Six beams|
0.981 0.98( 0.97¢ 0.97¢ 0.97¢ 0.967
0.981 0.98( 0.97¢ 0.97¢ 0.97¢ 0.967
0.987 0.980 0.974 0.976 0.974 0.967
0.987 0.981 0.974 0.976 0.974 0.967
0.987 0.980 0.974 0.976 0.974 0.967
0.987 0.980 0.974 0.976 0.974 0.967
Average 0.981 0.98( 0.97¢ 0.97¢ 0.97¢ 0.967
STD 0 0.000¢ 0.000¢ 0 0.000¢ 0
% Dev -1 -2 -3 -2 -3 -3
Average % Deviatior] -2.3

Table 7: Results of absorbed dose of bone and all inhomogeneities measur ed using to wedged beam plan at 10 x 10 cm? compar ed using
theareaintegral algorithm

BONE INSERTS ALL INSERTS
OPPOSED WEDGEDQ OPPOSED WEDGED

0.971 1.02]
0.972 1.020
0.972 1.020
0.972 1.021
0.971 1.021
0.972 1.021

Average 0.97: 1.02]

STD 0.000¢ 0.000¢

% Dev -3 2

DISCUSSION AND CONCLUSION

For uniformity in calibration reports for radiatidgherapy machines, ICRU recommends that the doseametime
or monitor unit be expressed in terms of dose ttewdable 2 shows the result of the measuremeng umth the
Head and Neck phantom and the solid water phantoanstandard plan. The deviation between the tvamjams
was within 0.3%. Table 3 and table 4 shows reduthe absorbed dose measured for different fiedchplwith the
brain, bone, trachea and adipose inhomogeneitpsitipns along with the percentage deviation frow teference
dose (1.00 Gy) and the standard deviation for thee@surements where taken. In tables 3 and 4tsesuhe single
beam plan at Gshowed a better accuracy compared to others whéléfdur and six beam plans showed the least
accuracy. The percentage deviation is small bul witdeviation slightly higher than the deviationtbé single
beam. This change is as a result of the attenuaffened by the couch and the inhomogeneities whiating from
different gantry angle to the centre where thezation chamber is positioned. There is a good stahdeviation
between the measurements for all plans. Table @shkiwe result of the absorbed dose measured ith walier along
with the percentage deviation from the referenceed@l.00 Gy) and the standard deviation between6the
measurements taken. The Algorithm was better ile télfor the wedged opposed beam of all inhomodiesethan
the bone inhomogeneities. The average dose of badmmmogeneity is relatively close to 1. The peregst
deviations falls within the range of 42vary from beam one to beam six.

The percentage deviation in dose measurementdds ths5c field is lower when compared with a larger fieldes
of 10 x 10cri. This shows that as the field size increase, peage deviation will as well increase and as fii
decreases the percentage deviation also decreases.

Table 6 shows the result of the absorbed dose meghsuith the bone inhomogeneity in position alonighvthe
percentage deviation from the reference dose (G¥0and the standard deviation between the 6 meamnts
taken. Larger deviations observed with the 10x1G efthe bone inhomogeneity could be due to unacesunt
scattered radiation contribution from the inhomagmrs material by the Area Integral Algorithm. Heee the
algorithm appeared good in table 2 where therenarimhomogeneities. There is a general improveraerdss the
tables for the algorithm in the twelve beam plamsievpoor deviation is noticeable for the wedgeddiplans across
the board. This may be due to the inability of #hgorithms to model the fluence calculation for wesl [8]. The
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Area integral Algorithm has an increased computaipeed for small beam plans compared to otherehilgham
plans, however the area integral algorithm haveddmdance of speed versus accuracy in smaller fiields . Other
sources of uncertainties such as set-up, phantdnthandetector could have as well contributed éoddviations.
There is no significant difference in deviationwegn the results obtained in tables 2 with the Hadl Neck
phantom and that of solid water phantom. This shtivat the materials used in the design of the HeambiNeck
phantom, used for testing the Area Integral Aldoritwere suitable and that the phantom can be usszéssfully
for verification exercise. Also, the cost of designthe phantom is minimal and it is easier to ce®pared to other
modern verification phantoms such as the Rando sodephantom. Smaller radiotherapy centres (eslbedna
Africa) without diode and TLD systems in place aifi perform verification exercise using this pbtam with their
local ionization chamber.

In conclusion, the simplicity and low cost involvadth the design of the Head and Neck phantom is téport
provides a solution to the inherent problem of aegbf routine QA activities and dosimetry checkse phantom
can be used with different inhomogeneities becafiskee empty inserts created. The quality and greciobtained
in the results with the designed Head and Necknfoima show that it may be used for routine clinaplications.
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