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ANNOTATION

Theme of thesis: "Reference X-ray contrast labels for topometric preparation
in radiotherapy".

Thesis contains 58 pages, 18 illustrations, 18 tables and 34 sources according
to the list of references.

Actuality: for the treatment of malignant diseases radiotherapy is used, we
receive accurate anatomical information of the biological properties of the tumor at
the stage of topometric preparation of patients with reference X-ray contrast labels
which are expensive and in limited quantities.

Purpose: the development of special X-ray contrast labels to improve the
quality of anatomical and topographic sections using computer tomography (CT).

Tasks:

1. Conduct a literary review of all X-ray contrast materials used in medicine
and conduct a comparative evaluation of materials;

2. Investigate the behavior of the material during the CT for its immediate
use in 2D, 2D + and 3D computer programming;

3. To substantiate the choice of the material of X-ray contrast labels and to
investigate the dependence of the size of the desired marker on the volume of the
tumor;

4. Design a marker with SolidWorks;

5. Investigate different types of tag attachment to the patient's body and
choose the most effective one.

Main results: a literary review of X-ray contrast materials used in medicine
was carried out, a comparative evaluation of the materials was carried out, the
behavior of the materials during the CT was investigated; the best material for X-
ray contrast markers was selected and the best form of labels was selected, the

dependence of the size of the marker on the volume of the tumor was studied; A



marker was constructed using SolidWorks, various ways of fixing labels to the

patient's body and choosing the most effective one were studied.

Key words: radiotherapy, pre-radius stage, topometric preparation, reference

labels, X-ray contrast markers.



AHOTALIIS

Tema nmurmuiomHoi poGoTtu: «PedepeHTHI PEHTIEHKOHPACTHI MITKH JIJIS
TOTIOMETPUYHOT MiATOTOBKY B IPOMEHEBIN Tepartii».

OO0cHr MosSICHIOBAIBLHOOT 3aMMCKH 58 CTOPIHOK, MICTUThCS 18 imocTparrii, 18
TaONHIh. 3arajioM OompanboBaHo 34 mxepena.

AKTYanbHICTB: JIs1 JTIKYBaHHS 37I0SIKICHUX 3aXBOPIOBAHb BUKOPUCTOBYIOTHCS
MIPOMEHEBY Teparito, 4iTKy aHATOMIYHY iH(popMaIllito 610JOTIYHUX BIIACTUBOCTEN
NyXJUHA MH OTPUMY€EMO Ha €Tami TOMOMETPUYHOI ITiITOTOBKHM XBOPHX 32
JIOTIOMOTOI0  pe(hEePEHTHUX PEHTICHKOHTPACTHUX MITOK, SIK1 € JOPOrOBapTICHUMHU
Ta B 0OMEXEHI1H KIJTbKOCTI.

Mera: po3po0OKa crieriaTbHuX PEHTICHKOHTPACTHUX TTOBEPXHEBHUX MITOK IS
MOKpAIIeHHS  SIKOCTI ~ aHaTOMHO-TONOrpadiuHMX  3pi3iB 32  JIONMOMOTOIO
komm totepHoi Tomorpadii (KT).

3aBIaHHA:

1. [IpoBecTH miTepaTypHHl OTIIS BCIX PEHTICHKOHTPACTHUX MaTepialy,
K1 BUKOPUCTOBYIOTHCSI B MEJIMLIMHI T TPOBECTH MOPIBHAJIbHY OLIIHKY MaTepiaiB.

2. JocmiauTu moBemiHKY Matepiany mig yac mpoBeaeHHs KT s
6e3nocepeHbo Moro moganeioro Bukopuctands B 2D, 2D+ 1 3D koM’ roTepHOTO
TIIaHyBaHHS.

3. OOrpyHTyBaT BUOIp MaTepially PEHTTEHKOHTPACTHUX MITOK Ta
JOCIIIIUTU 3aJICKHICTh PO3MIpPIB OTPIOHOTO Mapkepa Bif 00’ eMy MyXJIMHU.

4, CkoHcTpyroBaTu Mapkep 3a gornomororo SolidWorks.

5. JocmiauTu pi3HI BapiaHTH KPIIUICHHS MITKH JO Tija IaIi€eHTa Ta
BUOpaTH Haille(heKTUBHIIIHIA.

OcHoBHI pEe3yJIbTaTH: MPOBEEHO JTEPaTypHOTO OTJIA LY
PEHTIeHKOHTPACTHUX MaTepialliB, siki BAKOPUCTOBYIOTHCS B MEIULIMHI, TPOBEICHHS
MOPIBHSUIBHY OILIIHKY MaTrepialliB, AOCIIPKEHO IOBEIIHKY MaTepialliB IIiJ Yac

npoBeneHHss KT; BuOpano Haiikpammii wmatepian Jisl PEHTTEHKOHTPACTHUX



MapKepiB Ta 00paHo HaWkpairy GopMy MITOK, JOCTIKEHO 3aJICKHICTh PO3MIpIiB
noTPiOHOTO MapKepa BiJl 00’ eMy MyXJIMHH; CKOHCTPYHOBAaHO MapKep 3a TOTIOMOTOI0
SolidWorks, nocnimkeHno pi3HHX BapiaHTIB KpPIIJIEHHS MITOK J0 Tijla Malli€eHTa Ta

BUOIp Halie(hEeKTUBHIIIOTO.

KimrouoBi  crmoBa:  mpoMeHeBa  Tepamis, TMEpeANPOMEHEBUN  eTarl,

TOMOMETPUYHA I1JATOTOBKA, pe()ePEeHTHI MITKH, pPCHTTEHKOHTPACTHI MapKepH.
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2D
2D+
3D
WHO
Gr
CT
MRI
PET
RT

LIST OF CONVENTIONAL ABBREVIATIONS

two-dimensional picture
two-dimensional picture plus
three-dimensional picture
World Health Organization
Grey

computer therapy

magnetic resonance imaging
positron emission tomography

radiation therapy
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INTRODUCTION

According to WHO data, oncopathology has moved from 10th to 2nd place in
the world in terms of morbidity and mortality over the last 100 years, second only to
diseases of the cardiovascular system. Ukraine ranks 2nd in terms of cancer incidence
[1]. According to experts, by 2020 the number of cancer patients in whom pathology
was first detected will exceed 200,000 patients [2].

Actuality of theme. Today, all the more modern methods of radiation therapy
are used for the treatment of malignant diseases. Their appearance is related to the
desire to improve the accuracy of delivering the dose to the target and to reduce the
radiation load on the surrounding healthy tissues as much as possible. Radiation
therapy takes place in several stages.

The task of radiation therapy planning is to choose the optimal combination
based on anatomical and topometric data, radiobiological parameters and acceptable
levels of load on critical organs.

Pre-radiation topometric preparation is a more important stage of treatment. It
Is at this stage that anatomical and topographical sections of the tumor are made with
the help of previously placed reference marks on the body, determination of its
volume, level of occurrence, determination of syntopy of the tumor and adjacent
critical organs [3].

Therefore, the correct selection of reference X-ray contrast markers at the stage
of topometric preparation of radiation treatment of patients through the use of modern
planning technologies (3D), which provides anatomical information obtained using
such an imaging method as computed tomography (CT), as well as taking into account
biological properties tumors, is relevant and the goal of our research.

Purpose: development of special radiopaque surface labels to improve the
quality of anatomical and topographic sections using computer tomography (CT).

To achieve the goal, the following tasks were formed:

JlncT
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1. Conduct a literature review of all radiopaque materials used in medicine
and conduct a comparative evaluation of the materials.

2. Tostudy the behavior of the material during CT for its immediate further
use in 2D, 2D+ and 3D computer planning.

3. To justify the choice of radiopaque material and to investigate the
dependence of the size of the desired marker on the volume of the tumor.

4. Construct a marker using SolidWorks.

5. Explore different options for attaching the tag to the patient's body and
choose the most effective one.

Scientific novelty of the obtained results. The paper proposes a new solution
to one of the main tasks of PT - obtaining clear anatomical and topometric images
due to the development of high-quality reference X-ray contrast markers, which are
used to guide the study of tumors and adjacent critical organs at the stage of pre-

radiation topometric preparation using CT.

JlncT
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SECTION 1
TERMS

1.1 General provisions of radiation therapy

Radiotherapy (or radiotherapy) is a method of treating tumors (and some non-
neoplastic) with ionizing radiation, which is created thanks to the operation of special
devices with a radioactive emitter [4].

Radiation therapy can be prescribed as the main and only method of treatment
or as an additional to surgery or chemotherapy. In such cases, we are talking about
combined treatment. Irradiation can be carried out in the preoperative and/or
postoperative period. Radiation therapy improves the results of surgical treatment [5].
After irradiation of a tumor that was initially inoperable, it is possible to resect the
organ or remove it completely within the limits of healthy organs. When prescribing
postoperative radiation therapy, emphasis is placed on irradiation of the surgical site
(operative field), as well as areas of regional metastasis [4].

The effect of radiation therapy is primarily aimed at destroying tumor cells. As
it turned out, tumor cells are more sensitive to ionizing radiation than cells of healthy
tissues [6]. lonizing radiation converts water molecules into peroxide radicals, which
have a harmful effect on the cell. The more active a cell is, the more severe damage
it receives.

Now radiation therapy is a large medical and technological chain, the exclusion
of one of the links of which will undoubtedly lead to a deterioration in the quality of
treatment. According to the conclusions of WHO experts, the success of PT depends
approximately 50% on the radiosensitivity of the tumor, 25% on hardware equipment,
and the other 25% on the treatment plan itself and adherence to it during all sessions
[6, 7].

JlncT
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1.2 Diagnostic methods

The main method currently used for pre-radiation preparation of patients for
radiotherapy is X-ray computed tomography. Due to its ability to directly reflect
electron density, as well as availability and geometric accuracy, X-ray computed
tomography is currently the ideal method for topometric preparation and radiation
therapy planning [7].

Other methods of image reconstruction - magnetic resonance imaging,
emission tomography and ultrasound - play a very important, albeit auxiliary, role in
clinical practice. These methods significantly expand the possibilities for diagnosis
and localization of malignant diseases, as well as tracking metabolic changes during
therapy. In particular, positron emission tomography is particularly useful for
evaluating the process of metastasis, and magnetic resonance imaging is a unigue
method of differential diagnosis of soft tissues. Ultrasound examination is particularly
useful for a number of specific localizations, in particular, for the study of tumors of
the prostate and rectum. Some of the imaging methods known today are accompanied

by less harmful effects on the human body than methods that use ionizing radiation,

1.3 Modern types of radiation therapy

Currently, in practice, various types of radiation therapy are used, based on the
use of various types of ionizing radiation. Gamma radiation from radioactive isotopes,
bremsstrahlung radiation from linear accelerators, electron beams from linear
accelerators or B-emitting radioactive isotopes, as well as neutron and heavy nuclear
particle beams are used as therapeutic radiation. According to the localization

conditions of the pathological focus, radiation therapy is divided into the following

types:

JlncT
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(brachytherapy);

depth below the surface;

the patient during irradiation) [9].

1.4 Stages of radiation therapy

3. Deep therapy - the focus is located in the body at a great depth.

secondary X-rays that occur as a result of electron inhibition in body tissues.

remote method of irradiation is the most effective.

1. Surface therapy - the cell is located on the surface of the body or at a shallow

2. Intracavitary therapy - the cell is located in such a way that access to it is

possible through natural cavities of the body or an opening created surgically

As part of intracavity radiation therapy, methods of intratissue and contact
irradiation are used. Intratissue irradiation is implemented using the introduction of a
radioactive source of needles, seeds, etc. in the cell. At the same time, not only the

area of pathology is irradiated - and y- radiations from a radioactive isotope, but also

Contact radiation is based on the location of the source close to the surface of
the body above the focus or in its immediate vicinity, for example in natural cavities
of the body. For this purpose, different applicators are used, specialized for different
cases of localization of the disease. Intratissue and contact radiation methods are not

applicable for studying many tumor foci located at a great depth. In such cases, the

Remote radiation therapy is a method of radiation therapy in which irradiation
Is carried out by a source located some distance from the patient's body. A beam of
rays enters the body through a certain area of the surface, which is called the radiation
field. Remote therapy is divided into static (when the radiation source and the patient

remain stationary during irradiation) and dynamic (the radiation source moves around

Modern radiology is an ultra-complicated, expensive nuclear-physical complex

for medical use, consisting of accelerator complexes with multi-petal collimators,

3m. luct |Ne pokym.

Mignnc

[ata

bM93.20.26055223.113

JlncT

18




with the help of which irradiation is carried out with modulation of the intensity of
the radiation beam and visual control of the accuracy of each PT session in real time
with clear topometry, dosimetric planning and clinical dosimetry, which guarantee
the quality and conformity of irradiation, radiation scalpels (“gamma-knife", "x-
knife" and "cyberknife™), equipment for emission and positron emission tomography
(PET centers) [9, 10, 111].

The process of radiation therapy includes several stages:

1. At the first stage, the diagnosis of the tumor, determination of its localization
and stage of the disease, spread of the tumor to adjacent healthy tissues is carried out.
At this stage, various methods of clinical examination of patients are used, and various
examination methods may be used - X-ray and magnetic tomography, ultrasound,
positron emission tomography, etc. [12, 13];

2. At the second stage, anatomic and topometric preparation of the patient takes
place: scanning the patient on a CT scan with a flat table top; designation of external
tags on the skin or fixing devices; creation of contours of targets and critical
anatomical structures, and then, with the help of the radiation therapy planning
system, the configuration of radiation beams and their modifiers is set, the distribution
doses are calculated and the radiation plan is optimized;

3. The last stage is therapeutic irradiation, which is accompanied by procedures
for dosimetric control, verification and documentation of the radiation therapy
process. For radiation verification, modern radiotherapy facilities are equipped with
devices for obtaining digital portal images. Phantoms, means for patient dosimetry

are used for dosimetry and quality control [14].

Conclusions to section 1

Thus, various complex diagnostic and therapeutic equipment is needed to

ensure high quality of the radiation therapy process. The most important stage is the
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pre-radiation stage. It is at this stage that anatomical and topographical sections of the
tumor are made with the help of previously placed reference marks on the body,
determination of its volume, level of occurrence, determination of syntopy of the

tumor and adjacent critical organs.
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SECTION 2
PRE-RADIATION THERAPY

2.1 Topometric preparation of the patient

Clinical topometry (Topo- + buckwheat. metred to measure, determine) - a
section of diagnostics devoted to methods of measurement and large-scale graphic
display of individual topographical-anatomical relationships, including taking into
account pathological changes in organs and tissues [14, 15].

One of the important stages of the patient's pre-radiation preparation is the
marking process. During the process, first of all, the patient is placed in the treatment
position and immobilized using the same means as on the therapeutic apparatus.

Based on the data of diagnostic studies, the doctor determines the isocenter on
the patient's skin. The isocenter is the point of intersection of the axes of rotation of
the linear accelerator, the collimator assembly and the couch. The moving lasers of
the positioning system are switched to the position of the selected isocenter, and
marks for the treatment position of the patient's body are applied to the patient's skin
(or to the immobilization mask). X-ray contrast markers are used to ensure the
visibility of these points on the images obtained after scanning. In addition, areas such
as scars, lymph nodes, or borders of the field of previous treatment can be marked
[16].

The topometrist applies marks on the patient's skin according to the projections
of the lasers: two lateral, longitudinal and transverse (axial), as well as a mark for the
reference point (sticks an X-ray contrast mark on the skin or on the mask)

Next, the scanning process is carried out. It is decisive, since the data generated
at this stage will provide all the information about the patient, on the basis of which
the treatment technique will be selected. This procedure is carried out on X-ray
computer tomographs with a flat X-ray transparent table and a laser positioning

system [17]. Computed tomography data provide an anatomical representation of the
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patient and are used by the dose calculation algorithm for individual calculation for
each patient, because they contain information about tissue density expressed in
Hounsfield numbers.

The positioning of the patient during the CT scan must exactly correspond to
the following placement in the treatment position on the linear accelerator.

After the scan is completed, the radiologist transmits the data to the planning
station (Fig. 2.1) [18].

Figure 2.1 - Computer planning

Contouring of the volumes of irradiation and critical organs is carried out by a
radiation therapist with the involvement, if necessary, of a radiologist. When planning

radiation treatment, contouring of irradiation volumes is carried out [15].
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2.2 Irradiation volumes

The rules for allocation of exposure volumes are described in the report of the

Report 50), the scheme of exposure volumes is presented in fig. 2.2 [19].

For this, 5 irradiation volumes are allocated (Fig. 2.2).

Tans)

Macroscopic tumor volume

Clinical target volume

C )

Planning target volume

/ Treatment volume
L’/f Irradiated volume

Figure 2.2 - Scheme of irradiation volumes

International Commission on Radiation Units and Measurements No. 50 (ICRU

The main clinical volume (macroscopic volume of the tumor) - includes the

irradiated volume are determined.

visible tumor and the zone of peritumorous edema according to the data of
instrumental studies. The clinical volume of the target includes the tumor itself and
the area of its subclinical spread. The concept of clinical volume is clinical and
anatomical. Planning target volume — includes the clinical volume and surrounding
tissue, adjusted for variations in size, shape, and position relative to the treatment
beam. The planning volume is a geometric concept that allows you to be sure that the
clinical volume will receive the proper radiation dose. Next, taking into account the

histological variant of the tumor and its radiosensitivity, the treatment volume and the
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2.3 X-ray computed tomography

Computed tomography (CT) is a method of examining the internal organs of a
person using X-ray radiation. The method is a reconstruction of tomographic planes
(sections) of the object based on a large number of measurements of the absorption
of X-ray radiation by tissues of different densities, or projections produced during the
scanning process.

For the first time, the idea of the computed tomography method was proposed
by Radon in 1917. In 1972, at the annual conference of the British Institute of
Radiology, Hounsfield reported on the creation of an X-ray computed tomography
device adapted to the conditions of the clinic. This device became the CT scanner of
the head, which passed clinical tests already in 1973. Since 1976, testing of systems
for the study of the whole body began [20].

X-ray computed tomography, or CT scanner—is a device designed to create
Images of thin cross-sections of the human body, and is used for a wide range of
diagnostic procedures. The result of a CT scan is usually a set of cross-sectional
images, or tomograms, based on mathematical processing of which a three-

dimensional representation of the patient's internal anatomy can be reproduced.

2.4 Method of patient immobilization

In order to increase the reproducibility of laying, various immobilizing devices
are used (Fig. 2.3).
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marks and internal anatomical structures.

Figure 2.3 - Headrests

Figure 2.4 - Masks

The primary purpose of using immobilizing devices is to limit the patient's
movement and reduce the likelihood of significant errors when placing the patient in
the treatment position (Fig. 2.4). In addition, these devices make it possible to reduce

the time of the patient's daily styling and stabilize the relationship between external
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If the individual device for immobilization is kept until the end of the treatment
and after its completion, then it can be used in diagnostic examinations, which is

important for the interpretation of clinical results [21].

2.5 Irradiation methods

In addition to traditional treatment methods used in typical clinical situations,
special radiation therapy techniques have been developed for less common diseases
that require an individualized approach. Examples of such special procedures are
stereotaxic radiosurgery, used for arteriovenous formations that are not malignant but
can be fatal, as well as for the treatment of brain tumors with distinct borders [22].

In some cases, they resort to full body irradiation, which is used as a preparatory
stage before bone marrow transplantation. A full beam of electrons irradiated on the
skin is used to treat mycoses. Intraoperative radiation therapy is used for those tumors
that are deeply located and are not subject to traditional external beam radiation. Each
of these techniques requires serious dosimetric training that precedes clinical
implementation.

There is also equipment for specialized radiation treatment, namely units for
therapy using proton and neutron beams. However, the cost of such equipment is very
high, and the benefits of these treatment methods are only available in specific and
infrequent clinical cases. These techniques are not currently as available in the clinic

as techniques using photons and electrons.

2.6 In vivo dosimetry

Radiation oncologists often need information about the actual dose delivered

to critical structures, which are sometimes very close to the boundaries of the radiation
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field, so even a small change in beam orientation or patient position can lead to large
changes in the measured dose. The most reliable dosimetry results can be obtained in
areas with not very sharp changes in dose, as well as on the surface of the skin or in
body cavities such as the mouth, trachea, stomach, vagina, uterus or rectum.

In vivo dosimetry is a method of controlling the process of dose planning and
delivery as a whole, which consists in placing dosimeters on or inside the patient. An
alternative form of assessment of planning accuracy in vivo consists in the use of
portal verification images, which are subject to direct comparison with the
reconstructed digital radiograph created with the help of a computer planning system
[23].

In vivo dosimetry, it is possible to distinguish the measurement of the dose at
the entrance, the measurement of the dose at the exit, and the measurement of the dose
inside the cavities:

1. Measuring the dose at the entrance serves to check the performance of the
processing treatment device, as well as the accuracy of patient placement;

2. Measuring the dose at the exit serves to check the dose calculation algorithm
and determine the influence of variations in the shape, size and density of the patient's
body on the dose calculation process;

3. Sometimes it is also possible to determine the dose in easily accessible
internal body cavities, such as the oral cavity, esophagus, vagina, bladder and rectum.

In vivo dose measurements serve not only to verify dose delivery to the target,
but are also used to estimate the dose to organs at risk (e.g., lens of the eye, lung) or
In situations where the dose is difficult to predict (e.g., non-standard distance from

the source to the skin or bolus use).
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Conclusions to section 2

As a result of the literature review, radiation therapy was considered as one of
the most important methods of oncology treatment today. The stages of treatment
were analyzed and it was proved that the stage of topometric preparation of the patient
Is the most important [24], because at this stage anatomical and topographic sections
of the tumor, determination of its volume, level of occurrence, determination of
syntopy of the tumor and adjacent critical organs are performed. In order to increase
the reproducibility of laying, various immobilizing devices are used. For accurate and
clear determination of tumor volumes, special X-ray contrast markers are required.

Therefore, the task is to develop and design these labels.
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SECTION 3
DEVELOPMENT OF MARKERS

3.1 Dependence of the size and shape of the labels on the volume of the patient's

tumor

Before scanning, the X-ray technician attaches a dot X-ray contrast label to the
reference label and controls that the thickness of the section during scanning
corresponds to the required one [19].

Reference marks are placed in the zone of intersection of the axes of the
location of the tumor and additionally on the immobile parts of the body:

- tumors of the head and neck - in the projection of the main process;

- tumors of the chest - the middle of the handle of the sternum;

- tumors of the abdominal cavity - the middle of the xiphoid process;

- tumors of the pelvis - the greater trochanter or the middle of the symphysis.

When conducting pre-radiation preparation in planning conditions, it is
necessary to develop the volumes of the target, as well as critical organs on 20-40 CT
scans. The scanning step is determined depending on the specific clinical situation:

- with lung cancer - 0.7-1.0 cm;

- brain tumors - 0.3-0.5 cm;

- pancreatic cancer - 0.5 cm;

- prostate cancer - 0.3 cm.

The radiopaque reference mark should fall into one of the 20-40 CT scans so
as not to overlap the next slice. That is, the size of the labels should correspond to the
step of CT scanning of the tumor and should not go beyond its limits [25].

To facilitate the production of labels, it is advisable to use two forms: ball-
shaped (Fig. 3.1) and cross-shaped (Fig. 3.2). The shape of the labels is designed using

SolidWorks software.
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Figure 3.1 - Design of a spherical shape of an X-ray contrast label

Figure 3.2 - Design of a cross-shaped radiopaque label
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The radiologist attaches the X-ray contrast label at the intersection of the axes
formed by the lasers of the corresponding equipment on the patient's body (Fig. 3.3)
[15], therefore, for easier and accurate attachment, it is advisable to use the cross-
shaped shape of the X-ray contrast labels so that the sides of the labels clearly coincide

with the directions of the laser axes.

Figure 3.3 - Formed lasers on the patient's body [15]

Given that all tumors to be treated with radiation therapy correspond to tumor
volumes for the clinical situations listed above, 3 label sizes are required:

- 0.8x0.8 cm;

- 04x04cm;

- 0.2x0.2 cm.

In one clinical practice: the patient is 6 years old (Fig. 3.4). Diagnosis:
extrarenal rhabdoid tumor of parapharyngeal localization on the left. CT scan - a
picture at the stage of topometric preparation with labels of the American
manufacturer Suremark (Fig. 3.5), which are marked in yellow (Fig. 3.4) [24].
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Figure 3.4 - CT - images at the stage of topometric preparation of the patient

* Precision Skin Marking 3 ItemsTotal: $191.00
suremes '
Lo and Labeling Systems View cart  Checkout

HOME | PRODUCTS | CONTACT US | LOG IN/CREATE ACCOUNT |

Shopping cart

Remove Products SKU Description

Qty. Total

Remove ™- 2.5mm Therapy Immobilization Mask Marker - CONTAINS NATURAL RUBBER LATEX! 1 $56.00
a 25: (110/box)

Remove g;g 1.2cm (0.5 Inch) CT Cross on Round Label (50 per box) 1 $79.00

Remove E;"' 9 g;— 2.3mm CT ball on label (110 labels per box) 1 $56.00

Subtotal: 121.00

ey oY=

-

L]

—

ST

Figure 3.5 - Cost of 3 different radiopaque labels from the official websit

https://www.suremark.com

are well biocompatible, but they are too expensive for Ukraine (Fig. 3.5).

e

These tags behave well during CT - diagnosis - do not give any artifacts and
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3.2 Comparative characteristics of surface marks of different materials

Stainless steel. Stainless steel 316L is widely used in the manufacture of
medical equipment and is an irreplaceable material that meets all standards of
hygiene, strength and quality. Steel 316L, which contains expensive molybdenum and
has high chemical resistance, is used by doctors for implantation in the human body
[26].

Austenitic steel 316L has the following chemical composition: Fe; <0.03% C;
1-18.5% Sg; 10 - 14% Ni; 2 - 3% Mo; <2% Mn; <1% Si; <0.045% P; <0.03% S.

However, the clinical use of stainless steel is limited by the ferromagnetic
nature of the alloy and its low density. These properties make stainless steel poorly
visible in X-rays and CT/MRI scans. Also, many patients may have an allergic
reaction to nickel. In particular, the presence of nickel, chromium and molybdenum
ions cause a local immune reaction and inflammation.

Given that stainless steel is poorly visible on X-ray images, it is impossible to
use this material.

Platinoiridium alloys. Alloys of the Pt-1r system (90% Pt and 10% Ir) are often
used in such a medical area as stenting. Such alloys were successfully tested on
animals [27]. Platinoiridium alloys show excellent X-ray contrast, which makes it
possible to obtain 3D images at CT. In general, these alloys have high corrosion
resistance, but low mechanical properties. The alloy has fairly good biocompatibility,
but sometimes (up to 3% of patients) minor inflammatory reactions are present. The
results of clinical tests show that the use of this material is effective, but given the
possible inflammatory reactions, its use is impossible (Fig. 3.6).
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Figure 3.6 - CT image using platinum iridium alloys

Tantalum. Tantalum has good biocompatibility and high corrosion resistance
[28]. In medicine, tantalum is often used to coat stainless steel to increase
biocompatibility. It is clearly visible on X-rays and CT/MRI, but imaging artifacts are
possible. The commercial potential of tantalum products is much smaller than that of
stainless steel products.

By superimposing two CT images, we can see artifacts, so it is impossible to

use tantalum for labels (Fig. 3.7).
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3.8).

Figure 3.7 — CT scan using tantalum

Titanium and its alloys. Titanium and its alloys have biocompatibility, high
corrosion resistance, and are intensively used in orthopedics and dentistry. It is not
advisable to consider titanium as a separate element, so it is better to use it as a coating
for stainless steel. Such alloys as VT6C, VT8, VT14, VT16, and VT23 are
characterized by a high degree of biocompatibility [29].

Taking into account the behavior of titanium during X-ray radiation and CT, in

the topometric preparation we will get a high-quality image without artifacts (Fig.
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Figure 3.8 - CT scan using titanium

Nitinol. Nitinol is an alloy of 49.5-57.5% Ni and titanium. It has the effect of
"shape memory" and hyperelasticity [30]. These properties make it possible to change
the shape of the product when heated, which would be good for a marker, but the
disadvantage of nitinol is that it is poorly visible under X-ray radiation.

Considering this, we cannot use it for topometric training, since finding the
reference point of the equipment is impossible.

Cobalt-based alloys. Cobalt-based alloys usually have excellent characteristics:
biocompatibility, X-ray contrast, strength, absence of ferromagnetism [31]. Among
the cobalt alloys, the L605 alloy (Co-20Cr-15W-10Ni) has the best properties. It is
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stronger than stainless steel, so it is possible to produce a thinner material (by 20%)
while maintaining the same X-ray contrast.

Taking this into account, we can use a label of a smaller size than is necessary
with other material (Fig. 3.9). Image without artifacts.

Figure 3.9 - CT - picture using alloy L605 (Co-20Cr-15W-10Ni)

The following tables (Table 3.1, Table 3.2) present their comparative
characteristics based on theoretical and obtained data.

Table 3.1 — Comparative characteristics of materials

] . - Possible
Material X-ray contrast Biocompatibility artifacts
Stainless steel + + +
Platinoiridium alloys + -
Tantalum + + +
Slnct
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Continuation of table 3.1

Titanium + + -
Cobalt chrome alloy + + -
Nitinol - + +
Table 3.2 — Chemical composition and density of materials
Material Storage Density
Stainless steel C+Si+Mu+P+S+Cr+Ni+M 7.89 g/cm®
Platinoiridium alloys Pt+Ir 21.5 g/cm3
Tantalum Ta 16.65 g/cm3
Titanium You 4.54 glem®
Cobalt chrome alloy Co+Cr+Mo 8.8 g/cm?
Nitinol Ni+Ti 6.45 g/cm3

Based on the practically obtained data, we can say that the density affects the

X-ray contrast of the material and possible artifacts.

3.3 Method of attaching the marker to the patient's body

For easier and clear attachment of the marker to the patient's body, it is
advisable to use a transparent double biocompatible hypoallergenic polymer layer on
an adhesive base, between which the label is located directly.

Materials used for adhesive plasters can be used as a basis. Among all types of
plasters, it is worth highlighting:

1. Polymer patches (Fig. 3.10) — base: microperforated polyethylene film;
adhesive surface: polyacrylate glue [32]. The color is transparent. Hypoallergenic
plaster with a porous transparent film is air- and vapor-permeable, water-resistant;
securely held, removed painlessly and without residue; easily tears in both directions;
indifferent to X-ray radiation, resistant to temperature effects, so it can be successfully

used for CT - diagnostics.
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Figure 3.10 — Plaster on a polymer hypoallergenic base

2. Plaster on a fabric base (Fig. 3.11) - base: cotton; adhesive surface:
polyacrylate glue, zinc oxide glue based on natural rubber [33]. The color is flesh-
colored and white, which makes it impossible to clearly apply lasers and a reference

mark, so the use of materials based on such adhesive plasters is impossible.

Figure 3.11 — Fabric-based patch
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3. Plaster on a silk basis (Fig. 3.12) - basis: viscose silk; adhesive surface:
polyacrylate glue [34]. Taking into account the fact that patients may experience
minor body burns and an increased allergic reaction during radiation therapy, the use

of silk-based plasters is not possible.

Figure 3.12 — Plaster on a silk base

Given the fact that the polymer plaster is transparent in color and

hypoallergenic, it can be successfully used for CT - diagnostics.

3.4 Design of the finished product

Polymer-based markers with an adhesive base, which can already be used for
topometric preparation, were designed using the Solid Works 2018 software (Fig.
3.13). This tag has a hypoallergenic adhesive layer and a porous transparent film that
is air and vapor permeable, waterproof, securely held on the patient's body and
painlessly and without residue removal with a good adhesive surface, easy to tear in
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both directions, which ensures easy use, indifferent to X-rays , resistant to temperature

effects

Figure 3.13 — Design of the finished product using Solid Works

The finished result can be implemented in clinical practice.

Conclusions to section 111

In the course of experimental research, X-ray contrast materials were
considered and the chosen cross-shaped label shape was justified. The best material
for the label can be considered titanium and cobalt chrome alloy. | chose the method
of attaching the tag to the patient's body and designed the final result using Solid
Works 2018 software.
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SECTION 4
LABOR PROTECTION

The thesis task has the following topic: "X-ray contrast reference marks for
topometric sawing in radiation therapy", the purpose of which is the production of an
X-ray contrast reference mark with the help of which the location and detailed
scanning of the tumor is determined using an X-ray computer tomography. CT scans
of various materials used in medicine were performed and the behavior of each of
them was investigated. Toshiba Aqullion 64 hardware.

In this section of the diploma thesis, the room in which the testing of labels
from different materials is carried out will be considered. Also, all dangerous and
harmful phenomena that may occur in the future during work in the CT office will be
considered, conclusions will be made about the compliance of working conditions
with the established norms, and suggestions for their improvement will be put

forward.

4.1. General characteristics of working conditions in the CT office.

Let us give the characteristics of the working conditions in the CT office (Table

4.1).
Table 4.1 — Characteristics of the premises
No Name Main characteristics number Posn_lon n
the picture
Rooms
1 Dimensions 6170x7300%3000 +
(office + control 3000x6000%3000;S=63,041 m2; - -
room) V=189.54 m3
2 X-ray technician, topometrist,
Number of employees radiation therapist, radiologist 4 j
/lnct
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Continuation Table 4.1
Decoration
3 | Ceiling thickness and 200 mm, 0.5 mm thick lead i i
coverage
4 Wall thickness and 500 mm (external), 250 mm (internal), i i
" | coating 0.5 mm thick lead
5. | Floor thickness and .
200 mm, linoleum - -
coverage
Equipment and equipment
Naturally lit The Win_dow is tiltable
6. ’ Dimensions: 12001000 mm 2 -
Material: plastic
7| OMIS Classicpg | Dimensions 1090x2000 mm 1 :
1090 Material: iron with lead coating
Sink, CERSANIT PRESIDENT
8 Drainage and water rectangular with back 1 17
" | supply Dimensions: 550x420x150 mm
Material: porcelain
g | Lamplight Characteristics of 40W E40 6500K 4 -
Eurolamp
Gentry:
Dimensions 2280x768x1780 mm;
Voltage 380-480 V, 50/60 Hz; 1 1
The class of the product according to
the method of protection is I,
Product class by degree of protection:
10. | Toshiba Aquillion 64 | The patient's table
The dimensions are 1700 x 750 x 520
mm
Material: radiopaque iron, fabric 1 2
upholstery and paralon.
The maximum weight of the patient is
135 kg.
11. | Power connection Dimensions 750x300x815 mm
. I 1 3
cabinet The material is wood
Dimensions 380x265x200
12 Laptop Technical characteristics Screen 15.6" 1 8
HP ProBook 4540S IPS (1920x1080)V=220V, I1=1.8 A.
27.5W
13 | Cart for the monitor Dimensions 540x580x1140 mm 1 4
14. | Injector system Dimensions 650x600x800 mm 1 5
15. | Distribution cabinet Dimensions 550x220x800 mm 1 6
16. | Control panel with | 1y, o ncions 600%858%700 mm 1 7
container
17 | Image processing
system with a Dimensions 660x860x700 mm 1 9
container
/lnct
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ContinuationTable 4.1

18. | Demonstration Dimensions 440x730x120 mm 1 10
negatoscope

20. | Doctor's desk Dimensions 1132x630x750 mm 1 11

21. | Operator's desk (X-ray | The dimensions are 1400x800x730 1 12
technician) mm

22. | Chair Dimensions 430x440x770 2 13

23. | X-ray protective Dimensions 1000x800 mm 1 14
viewing window

24. | Bactericidal wall- Dimensions 1070x140x80 mm 1 15
mounted irradiator

25. | Couch for the patient | Dimensions 1970x670%520 mm 1 16

26 | Fire extinguisher VP- | The dimensions are 300x300x500 1 18
10 mm

In fig. 4.1. the plan

shown.

of the room of the CT office and the operator's room is
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Figure 4.1-Plan of the room for CT - diagnostics
«A» - is an office, «B» - is an operator's room
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The office for CT scanning should consist of two rooms: an office and an

operator's room.

4.2 Compliance with the requirements of volume and area per employee and
location of technological equipment

Let's calculate the volume and area of the premises for one employee:

S _ Sma_ Sea _63,041_4,2
1~ n -

= 14.71 m?(4.1)

where S,,,— mixing area, S,, — equipment area, n — number of employees.

_ Vor—Vpe_189,54-3.823

|4 "

=46,43 m3(4.2)

where V,,.—volume of the room, V,.—volume of equipment, n- the number of

employees.

Table 4.2—-Comparison of the obtained data with normative values

Parameters Normative Actual values
value
Usable area per 1 employee, (m2) 4.5 14.71
Useful volume per 1 worker, (m3) 15 46,43
Minimum width of passage 1.5 15
Distance from the machines to the walls in the working area (m):
Toshiba Aquillion 64 | 1.00 | 2.5

After comparing the actual and normative parameters of the laboratory, it can
be concluded that the premises meet all the requirements.Normalization measures are
not required.
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4.3 Assessment of dangerous and harmful production factors

Analysis of potential hazards created at indoor workplaces during the operation
of technological equipment and development of measures to improve (normalize)
working conditions.

During work, laboratory workers will encounter various harmful factors that
will negatively affect their health, as a result of which labor productivity will
decrease, which is extremely important for production.

Table 4.3 - Dangerous and harmful production factors

Physical X-ray radiation Electronic safety Fire safety Noise
Lead dust in the air, on
the surface of the

Chemical equipment, the floor,
walls, windows
Airborne and contact

Biological transmission of

infection.

There is also an impact on health and a threat to the life of the patient and staff.

4.3.1 Danger associated with X-ray radiation

The room is equipped with gantry equipment, which emits X-ray radiation,
which can pose a danger to a person if the duration of the session is not observed or

the number of procedures is increased. The characteristics are given in table 4.4.

Table 4.4 - Consequences of X-ray radiation

No The.name of the A source of danger Causes of danger Consequences
equipment of danger
/lnct
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Non-observance of the

Impact on the

. immune
duration of the procedure svst
1 CT Toshiba Aqullion 64 X-ray radiation or increase in the number ystem,
. . nervous
of sessions, malfunction of .
. endocrine
the device
system, burns
Table 4.5-Real and normative values of X-ray radiation
No | The danger factor Real value Normative values
1 X-ray radiation 0.7 gentry/day 0.5 gentry/day
Table 4.6 — Hazard prevention measures
No | A group of
nomenclature Event type Selection criteria
activities with OP
1. | Technical measures tLheég hopper (cabinet) 0.5 mm X-ray protection
. Instruction on dose distribution Tral_nmg on safet)_/ during
5 Organizational equipment operation
" | measures Checking the health of the X-ray | Control of indicators and
tube well-being of patients
Illumination "Entry prohibited"
from the time of the procedure, . .
. . Protection against exposure
3. | Regime closing the entrance door, of outsiders
automatic shutdown of the device
during unforeseen situations
Verification of measuring devices | Credibility of information
4. | Operational Timely replacement of equipment Control of the performance
parts that are out of order or .
of devices
damaged
5. | PPE Unforeseen.

4.3.2 Electronic safety

Since in the room where pre-radiation therapy is carried out, there are devices

electrical safety of the assembly shop.

that consume electricity, according to the regulations, it belongs to the category with

an increased risk of electrocution. Therefore, considerable attention is paid to the
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Table 4.7-The main sources of electronic safety, which are created in the

technological process in the CT cabinet

No

The name of the
equipment

A source of danger | Causes of danger

Consequences of
danger

Toshiba Aquillion

The presence of metal

the gentry non-radiocontrast parts

on the patient's body, the

electrocution,
impaired cardiac

1 presence of pacemakers activity and
64 - . . -
insulation damage breathing, receiving
network cable (human and other electrical
technological factor) injuries
Laptop insulation damage electrocution, heart
2. | HP ProBook network cable (human and failure and
4540S technological factor) breathing

Table 4.8 -Real and regulatory factors of sources of electronic safety, which

are created in devices

nomenclature
activities with OP

Event type

Selection criteria

No | The danger factor Real value Normative values
300 mA of direct
1 Direct current in CT nodes 510 mA current is a malfunction
of the heart muscle
60 mA of alternating
Alternating current in network current with a contact
2 11-14 A : .
power cables. time of 1s - malfunction
of the heart muscle
Table 4.9 — Measures against electric shock
No | A group of

Grounding and use of fuses

1. | Technical measures | (PN-2). Electrical insulation
floor insulation with linoleum
2. Organizational Instruction on electrical safety Tral_nmg on safet;_/ during
measures equipment operation
3. | Regime See Table 4.7
4. | Operational Ver_lflcatlon of measuring Credibility of information
devices
/lnct
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Continuation of table 4.9

Timely replacement of
equipment parts that are out of
order or damaged

Control of the performance of
devices

once a year

Checking electrical devices
using a megohmmeter at least

Control of indicators of current
surges

PPE

Exclusion of the presence of
non-X-ray contrast metal
structures on the patient's body

shock

Protection against electric

conductive dust.

4.3.3 Fire hazard

This room is classified as without increased danger, during the day it does not

exceed 35°C; relative humidity less than 75. Non-conductive floor. Absence of

Table 4.10 —The main sources of fire danger, which are created in the

technological process of diagnostics

No

The name of
the equipment

A source of danger

Causes of danger

Consequences of
danger

X-ray tube

A damaged X-ray tube
can emit any dose of X-
ray radiation, regardless

The occurrence of a

Toshiba of the specified fire that can cause
1 Aquillion 64 parameters harm to a person, as
(technological factor) '
. well as damage or
Insulation damage destroy equipment
Network cable (human and '
technological factor)
The occurrence of a
Laptop Insulation damage fire, which can harm
2 | HP ProBook Network cable (human and a person, as well as
4540S technological factor) destroy valuable
equipment.
/lnct
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Table 4.11 — Characteristics of the premises

Classes and subclasses of
possible fires

Burning of solids accompanied b
des AR smoldegring P d
class E Burning electrical installations
under voltage

Combustibility groups of
materials and substances
present in this room

(combustible).

Non-combustible (non-combustible) and combustible

There are no substances capable of self-ignition in this room.

Fire hazard category of the
premises

category D,P-Ila class zone

A space within a building that
contains solid combustibles and
materials.

Table 4.12 - Safety measures

No | A group of
nomenclature

activities with OP

Event type

Selection criteria

1. | Technical measures

Availability of smoke detectors

Timely exit from the
premises during a fire

Using a VP-10 fire extinguisher,
there is a fire hydrant and hose in
the common corridor

Fire extinguishing method

Organizational
measures

Planned briefing on safety and
evacuation techniques

Training on fire safety
during equipment operation
and evacuation

Planned inspection of all
equipment, timely detection and
elimination of malfunctions

Equipment control

Regime

See Table 4.7

Operational

Verification of measuring devices

Credibility of information

Automatic means of extinguishing
fires and alarms that provide
notification of the start of a fire

Fire indication

PPE

Respirators and masks, isolating

self-rescuers

Individual protection
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4.3.4 Noise

Table 4.13— Sources of noise

The name of the
equipment

No

A source of danger

Causes of danger

Consequences of
danger

Toshiba Aquillion

Depression of the

noise (headphones).

to the patient's hearing aid

1 61 Gentry X-ray radiation central nervous
system.
Table 4.14 -Actual and normative values
No | The danger factor Real value Normative values
1 | X-ray tube 70 dBA 50 dBA
Table 4.15 - Safety measures
No | A group of
nomenclature Event type Selection criteria
activities with OP
1. | Technical measures Not provided
5 Organizational Not provided
measures
3. | Regime Not provided
4. | Operational Not provided
5 | ppE Means of protection against Blockage of sound wave paths

process of using CT

4.3.5 Biological hazard

Table 4.16-The main sources of biological danger that are created in the

The name of the
equipment

No

A source of danger

Causes of danger

Consequences of
danger

Toshiba Aquillion

The surface of the

Microorganisms are the
causative agents of

1 |64 . diseases that are -
patient's table transmitted through skin- Skin disease.
to-skin contact.
Jlncr
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Table 4.15-Real and normative values of biohazard sources.

No | The danger factor Real value Normative values
1 Microorganisms on the surface of
Presence. Absence.
the table
Table 4.16 - Safety measures
No | A group of
nomenclature Event type Selection criteria
activities with OP
1. | Technical measures | Not provided.
5 Organizational Briefing on biosafety issues Tra[nlng on safet;_/ during
measures equipment operation
3. | Regime Not provided
. Wiping the patient's table with Reduction of the number of
4. | Operational L9 . ; .
antiseptic solutions microorganisms.
5. | PPE Disposable gloves. Reducing the risk of infection.

Conclusion to SECTION 1V

In this section, the working conditions in the room for CT were analyzed,

according to the calculations, they satisfy the normative value.

Also considered are the main types of danger, such as fire, electrical, biological,

risk of occurrence of each of the hazards.

X-ray radiation, and noise. A number of measures have been developed to reduce the
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CONCLUSIONS

In the course of this work there were:

1. A review of the literature and basic concepts of radiation therapy was
conducted.

2. The stages of treatment are considereddetailing the first stage - the stage
of topometric preparation of the patient, which is considered one of the most
Important steps in the treatment, where anatomical and topographic sections of the
tumor are made.

3.  X-ray contrast materials were selected and their comparative
characteristics were carried out in relation to CT images, which were formed as a
result of overlaying the image of the material and the CT image of the patient, taken
from the official website of the Accuray company (USA).

4. The best artifact-free reference tag material is titanium and cobalt-
chromium alloy.

5. | chose the best shape of the label - cross-shaped with the following
dimensions:

0.8 0.8 cm, 0.4 x 0.4 cm, 0.2 x 0.2 cm, depending on the volume of tumors.

6. Using SolidWorks 2018 software, a cross-shaped label was designed
from titanium and cobalt chrome alloy.

7. A comparative characterization of the materials for attaching the label
was carried out and the method of attachment to the patient's body was chosen.

8. A patch on a microperforated polyethylene film with an adhesive surface
containing polyacrylate glue, which is indifferent to X-ray radiation and resistant to
temperature effects, was used to attach the label.

Q. Using Solid Works 2018 software, a reference radiopaque label with a

mounting surface was designed.
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