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The methods of X-ray computed tomography being improved every year and we have a sufficient amount of methods

and tools for high-quality visualization at that very moment. However, as practice shows, there are still low quality

CTs (with the presence of strongly pronounced artifacts) in the developing countries. The quality of the scans is of

great importance in radiotherapy planning. An incorrect mapping of the density distribution will distort isodoses

calculation. In the present article, we will consider the impact magnitudes of the beam hardening artifacts on the

radiotherapy planning.
PACS: 03.65.Pm, 03.65.Ge, 61.80.Mk

1. INTRODUCTION

With the development of computerized means of in-
formation processing, more and more voluminous and
complex tasks are assigned to automated software
in many areas of human activity. A striking exam-
ple of such an area is radiation therapy, where au-
tomation of planning and technical implementation
of treatment has allowed achieving significant results:
three-dimensional planning replaced two-dimensional
one, the emergence and development of IGRT, IMRT,
RapidArc, VMAT and SRS techniques. Progressiv-
ity of automation is undeniable, but along with im-
proving the methods of processing information, we
have to rely increasingly on the accuracy and relia-
bility of the results of such methods and tools. Thus,
earlier (with manual RT planning) a medical physi-
cist (or radiologist) when receiving a low-quality im-
age or tomogram, could visually discard the obvious
image artifacts (any systematic discrepancy between
the CT numbers in the reconstructed image and the
true attenuation coefficients of the object [1]) dur-
ing planning and they did not significantly influence
dose calculation in the target volume; nowadays, vi-
sualization data of the internal body structures being
analyzed by software, usually not having the artifacts
auto-correction function. As a result the calculation
of isodoses can be made with gross dosimetric and
geometric errors. Such artifacts can be classified by
source of occurrence: on a hardware level, anatomical
(arising from the peculiarities of the internal struc-
tures of the studied object) and conditioned by the
human factor (incorrect research, whether it is a pa-
tient movement or a methodological error) [2]. Hard-
ware faults and the human factor are problems elim-

inated by sufficient qualification of maintenance per-
sonnel and by organization of a QA system. Thus,
features of the internal structures of the facility re-
quire the application of techniques for eliminating (or
weakening) such artifacts [3]. One of the most com-
mon artifacts is the consequence of the beam hard-
ening effect — an inhomogeneous weakening of the
beam over the photon energy spectrum. It means
that photons with lower energy in projections with a
significant density will be absorbed in a much larger
amount, which distorts the reconstructed image. A
particular (and most problematic) case of such an ef-
fect are metal artifacts (Fig.1). Over the past few
years, many methods of suppressing such artifacts
have been proposed [4-7], but they can be useful in
the primary tomogram processing only, i.e. at the
stage of designing and creating software for CT scan-
ners. A number of CT scanners (obsolete from this
point of view, most of which are in developing coun-
tries) still have weak opportunities for suppressing
such artifacts.

The authors of the article assume that correct
planning can be performed only with a satisfac-
tory quality tomogram (without contrast for diag-
nostic studies, without significant artifacts). How-
ever, in some cases the impossibility of performing re-
visualization during planning is still performed with
the available image.

The purpose of this article is to consider the
mechanism of influence on the process and the result
of RT planning of increasing / lowering the density in
the zone of interest on the reconstructed image due
to the beam-hardening effect and metallic artifacts
and to evaluate such influence.
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Fig.1. Variations of the beam hardening effect in computed tomography:

a — in phantom study; b and ¢ -
2. MATERIALS AND METHODS

As the purpose of this study is determination and
evaluation the artifact’s impact on planning, we need
to compare the estimate of the treatment plan per-
formed with a scans without artifacts, with an es-
timate of the plan with artifact ones. Phantoms
being often used for such purposes [8,9], but to bet-
ter approximate the real artefacts impact in this
study, we use tomographic images of real patients.
Even between two different visualizations of the same
internal structures of the same patient made in dif-
ferent period of time, differences appear not only
in the density distribution but also in the geometry
of these structures. In order to correctly estimate
the magnitude of the effect, the following research
method is applied: we duplicate the scans without
artifacts, add (with help of the planning system) the
changes in the density values of some regions typi-
cal for the manifestation of beam-hardening artifacts
in each localization considered. Then 3D conformal
radiotherapy (CRT) plans were made (photon radi-
ation 1.25 MeV (Co-60)) and 6 MeV (Varian Clinac
600C) using scans with added artifacts. After that
we imported scans without artifacts into the plan

in head CT with teeth implants

and performed recalculation of isodoses with the
same fields parameters. Also, one should pay at-
tention to the localization choice for the studying of
the artifacts influence, as comparing the estimates of
treatment plans for different organs will not be cor-
rect. The question about the statistics of the areas
of such artifacts greatest propagation remains open,
but according to the preliminary collected data, the
most frequently pronounced artifacts of this type
occur during head and neck scanning (e.g., dental
implants) [10]; such artifacts, with the same localiza-
tion, presumably, will most heavily affect the result
of planning with irradiating volume located in the
oral cavity. To determine the value of the added den-
sity, statistical analysis of the average and maximum
density values (in HU) in visually conspicuous areas
of manifestation of artifacts are performed. It’s made
without taking into account the initial object of in-
creased density. To avoid the registration of random
calculated maxima, the maximum density values of
the artifacts were taken in order to be the maximum
of average density values of at least 9 nearby pixels
with a spread of values not more than 20%. Results
of analysis are shown in Table 1.

Table 1. Analysis of average and mazimum density values

Effective (average) initial | Average artifact density | Maximum artifact density | Number of analyzed
object density, HU value, HU value, HU tomograms
1000...1500 297 677 19
1500...3000 504 1119 16
3000...6000 987 2168 15
6000...9000 1659 3874 13

Given the weakening of the artifact appearance at
a distance from the initial object, adding of the arti-
fact is performed in two regions, one of which has the
average density (according to the average density of
the initial object for each tomogram) and the second

with an increased density from average. Quality as-
sessment method of the treatment plan is to select the
dose-volume histogram (DVH). We compare DVH by
average (effective), maximum and minimum doses for
controlled volumes. Within the study, we will com-
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pare DVHs for treatment plans for tomograms with
manifestations of the most common average values of
the initial objects density (1000...1500 HU) for dif-
ferent energies, as well as DVH comparison for treat-
ment plans compiled from tomograms with close to
extreme initial density objects (6000...9000 HU).

3. RESULTS

Treatment plans comparisons results for 16 patients
with oral cavity tumors and delineated CTV are an-
alyzed. 8 patients have got scans most commonly
with a displayed average density of the initial object
in the range 1000...1500 HU, then increased density
areas of 500 HU were added before the treatment
plan calculation and 300 HU also (Fig.2,a). Calcu-
lated plans and performed isodoses recalculation with
fields parameters saving for 1.25 MeV and 6 MeV en-
ergies were transferred to the reference CT without
added artifacts. A DVH comparison was made for
plans with an artifact and without an artifact for of

6 MeV and 1.25 MeV energies (Figs.3,a and 3,b, re-
spectively), in Tables 2.1, 2.2 the mean values of such
comparisons are shown. In 4 cases, plans were made
using scans with a high effective density of the initial
object (6000...9000HU), but without significant man-
ifestations of the artifact. The study method was the
same — adding objects with increased density (1500
and 1800 HU), making treatment plans for 1.25 MeV
and 6 MeV photons, importing field parameters to
the plan according to set of scans without an ar-
tifact, etc. DVHs comparison results are shown in
Tables 2.3, 2.4. In 4 more cases, plans were made us-
ing low-quality tomograms with a high effective den-
sity of the initial object (6000...9000 HU) and with a
pronounced artefact (Fig.2,b). The plans calculated
using such tomograms for 1.25 MeV and 6 MeV were
transferred to tomograms with corrected densities to
0 in the soft tissue zone, with the following saving
field parameters. DVHs comparison results are shown
in Tables 2.5, 2.6.

Fig.2. Internal structures in planning:
a — added density distribution example; b — CT with high-density artefact example
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Fig.3.

52

o} 1 o s " 5 i iz ”-;‘{L\\l\ e
'1 \
) N
I L
\\\7 \
i e \
T 4
= x
N \
o x\
\. \ A
| \ . i§ \\
b

DVH comparisons: a — for plans 6 MeV photons; b — for plans 1.25 M eV photons



Table 2.1. DVH compares 6 MeV

Tomogram CTV mean | CTV max | CTV min | brainstern | brainstern | brainstern

dose, % dose, % dose, % | mean dose | max dose | min dose
with artefact 100 105.3 93.7 9.6 74.5 2.3
without artefact 99.6 105.6 93.6 9.6 74.6 2.3
with artefact 100 105.3 93.7 11.0 40.9 3.9
without artefact 100.2 105.6 93.6 10.9 40.4 3.9
with artefact 100 107.2 92.7 3.5 12.6 0.9
without artefact 102.8 106.6 93.3 3.9 14.5 0.9
with artefact 100 109.2 90.8 4.1 15.5 1.1
without artefact 105.8 111.7 93.5 6.2 21.3 1.1
with artefact 100 107.1 93.3 5.2 11.2 1.2
without artefact 102.7 106.8 93.9 5.8 12.1 1.2
with artefact 100 109.4 91.2 6.2 16.2 1.8
without artefact 105.1 112.1 92.9 6.7 18.8 1.8

Tab. 2.2 DVH compares 1.25 MeV References

Tab. 2.3 DVH compares 6 MeV extreme density

Tab. 2.4 DVH compares 1.25 MeV extreme den-
sity

Tab. 2.5 DVH compares 6 MeV extreme density

Tab. 2.6 DVH compares 1.25 MeV extreme den-
sity

4. CONCLUSIONS

According to DVH comparison results, for tomo-
grams with the most common manifestations of
metallic artifacts in aforementioned location, they in-
troduce insignificant error (up to 0.4% for CTV mean
dose) even with 1.25 MeV photons. However, ex-
treme values of artifact density can lead to an error
in the CTV mean dose of up to 3% for 6 MeV and up
t0 5...6% for 1.25 M eV, which exceeds the accuracy
of the dose release set by the IAEA. In the subse-
quent article authors are up to studying the statistics
of the manifestations of metallic artifacts frequency
in detail, and also to consider and compare possible
methods for their suppression.
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AHAJIN3 BJINAHUA KT-APTE®AKTOB Y2KECTOYEHUNZA ITYUYKA HA
IJIAHUPOBAHUE JIVUEBOM TEPAIINN

B. II. Cmapenvrut, U. A. Camoganos, JI. JI. Bacuaves, A. B. Tpogpumos

Hecmorpst Ha 10, 970 METOIBI PEHTIEHOBCKOI KOMITBIOTEPHOI TOMOIpahuu COBEPIIEHCTBYIOTCS U3 I0/1a B TOJ,
a TAKYKe TIOSAB/ISIeTCS 3HATUTEIHLHOE KOJTUIECTBO METOIOB U CPEICTB JJIsi BEICOKOKAYECTBEHHOM BU3YATU3AIINHN,
POJIOJIZKAIOT BCTPEUATHCS KOMITBLIOTEPHbBIE TOMOIDAMMbBI HU3KOTO Ka4eCcTBa (C HAIMYHEeM SAPKO BbIPAXKEHHBIX
apredakros). Haubonee yacro sra TeHzeHius HaGMIONAETCI B CTPAHAX C HEYCTONYUBBIM SKOHOMUYECKUM
pasBuUTHeM, [Jie HAPSLY C COBPEMEHHBIM 0DODY/IOBAHUEM [JIsT KOMIIBIOTEPHO ToMOTpadun COCEICTBYET yCTa-
pesitee nokosieaue Tomorpados. KadecrBo Busyanusanuy uMeer GOJbIIOE 3HAYEHUE /s INTAHUPOBAHUS JTY-
YeBOIl Tepauu — HEKOPPEKTHOE OTOOPAYKEHNEe PACIIPeIe/IEHNsT TIOTHOCTH UCKA3UT PAcUeT W307103. B maHHOM
CTATheé MBI PACCMOTPUM BEJIMYMHY BAUSHUS aApTeMAKTOB YKECTOUEHUsI MyUKa HA TIAHUDPOBAHUE JIyUEeBOU
Teparuu.

AHA/JII3 BIIJIUBY KT-APTE®AKTIB 3BIJILINTEHHY >KOPCTKOCTI IIVUKA HA
IIJIAHYBAHHSA IPOMEHEBOi TEPATIITi

B. II. Cmapenvrut, 1. O. Camogpanos, JI.JI. Bacuaves, A. B. Tpogimos

HezBaxaroun na Te, 1110 METOAM PEHTTEHIBCHKOI KOMIT IOTEPHOI TOMOTpadii BJOCKOHATIOIOTHCS 13 POKY B PiK,
a TAKOXK 3’ABJIAETHCS DAraTo METOIIB i 3ac00iB A71sT BUCOKOSKICHOI Bi3yastizalii, mMpOogoBKYIOTh 3yCTPidaThHCs
KOMII'IOTE€PHI TOMOIrpaMy HU3bKOI SKOCTI (3 HasdBHICTIO dcKpaBo Bupaxkenux apredakris). Haiiblibm yacro
1151 TEHIEHITiS CIIOCTEPITAETHCS B KPATHAX 3 HECTIMKIM eKOHOMIYHUM PO3BUTKOM, /1€ TIOPS] 3 CYJIaCHUM 00IaI-
HAaHHSM JJIsT KOMIT F0TepHOI ToMOorpadil € 3acTapise mokosinas ToMorpadis. AkicTs Bizyamizariii Mae Besuke
3HAYEHHS JJI TJIaHYBaHHS TPOMEHEBOI Teparii — HEeKOPeKTHE BimoOpazkKeHHs PO3IMO/Iijiy TYCTUHA CIIOTBOPUTD
PO3paxyHOK i30103. B mamifi ctaTTi Mu pO3rIsiHeMO BEIUYUHY BILIUBY apTedakTiB 301TbIIEHHST }KOPCTKOCTI
IIyYKa HA IJIAHYBAaHHSA IIPOMEHEBOI Tepairii.
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