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Elaborare documentatie pentru fizicieni medicali

Dozimetrie EPR in radioterapie: dozimetre din alanina, format de

Li si alte sisteme

Dozimetria radiatiilor, protectia personalului si a pacientilor este o activitate
esentiald a fizicienilor medicali.
Pentru dozimetria radiatiilor pot fi folositi detectori standard sau aceasta poate fi
efectuata prin masurarea radicalilor liberi produsi in diferite sisteme moleculere.
Pentru pregatirea de specialitate a fizicienilor medicali, dar si pentru identificarea unor
teme actuale pentru competitia de proiecte si pentru activitatea de devoltarea durabila
pentru fizicienii medicali sunt necesare documentatii detaliate in literatura de specialitate
cu scopul de a identifica metode simple de masurarea a dozelor de radiatii, indirect, prin
intermediul semnalului RES datorat radicalilor liberi indusi in diferite sisteme
moleculare.
In acest sens am elaborat o documentare detaliata din literatura de specialitate in scopul
identificarii celor mai recente preocupari stiintifice referitoare dozimetria radiatiilor
folosind tehnica EPR (Electron Paramagnetic Resonance) cu sisteme simple si
necostisitoare.
In acest document raportam o serie de articole stiintifice noi, publicate in literatura de
specialitate, referitoare la folosirea dozimetriei EPR bazata pe radicalii liberi indusi de
catre radiatia X sau gama in alaninad sau formatul de litiu. Aceste articole vor fi puse la
dispozitia studentilor pe canalele de comunicare on-line (platform Teams, site-ul
proiectului).

Documentul este organizat in felul urmator:
1. datele de identificare a articolelor (autori, titlu, anul aparitiei, volum, pagina de
inceput si sfarsit/numarul articolului, adresa DOI.
2. abstractul articolului

3. concluziile articolului
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Abstract

ALANINE/EPR DOSIMETRY AS A POTENTIAL TOOL FOR .
QUALITY ASSURANCE IN PROTON BEAM RADIOTHERAPY

G. MIERZWINSKA!. B. MICHALEC!, I. OGLODEK”. B. PETELENZ!. M.P.R. WALIGORSKI!

! The “Henryk Niewodniczanski” Institute of Nuclear Physics, Polish Academy of Sciences.
ul. Radzikowskiego 152, 31-342 Krakéw. Poland. E-mail: Gabriela. Mierzwinska@ifj.edu.pl
“ Jagiellonian University, Institute of Physics, ul. Reymonta 4, 30-059 Krakéw, Poland

Received April 23, 2013

Abstract. Free-radical, alanine/EPR dosimetry can be applied to measure beam doses
and cumulative doses delivered to the target volume in proton beam radiotherapy. as a
supplementary part of the Quality Assurance program of the proton ocular radiotherapy
procedure at the Institute of Nuclear Physics (IFJ PAN). Development of suitable
characteristics of the alanine dosimeter and the principle of application of this detector
n proton beam radiotherapy are dcscdibed.

Key words: alanine, electron paramagnetic resonance. proton radiotherapy, quality
assurance system.
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Concluzii
5. SUMMARY AND CONCLUSIONS

In this study we confirmed the applicability of the alanine detector as a
potential element of the Quality Assurance system of patient and ion beam
dosimetry in proton radiotherapy. The main advantages of alanine: linearity of dose
response over the therapeutic range. lack of dependence of relative efficiency (with
respect to Co-60 reference y-rays) over the region of extended Bragg peak and
ability to measure doses received by the patient in a cumulative fashion. make
alanine a promising detector for QA purposes in clinical proton radiotherapy. We
expect to be able to produce our own alanine detectors which would best suit our
specific needs in terms of size and mechanical stability.

In suitable conditions (dark and dry storage) the radiation-induced signal in
alanine 1s stable. thus the wrradiated detector can serve as additional documentation
of the patient’s exposure over the therapy course. This signal can be measured
repeatedly since the read-out procedure does not affect (or destroy) the signal. It is
then possible to re-assess patient exposures at any time after completing the course
of their radiotherapy. e.g. for verification. control or research purposes.

We are planning to use alanine in proton beam dosimetry and for patient
dosimetry. Alanine detectors will be then urradiated in the proton beam prior to
treating the patient and also in the part of beam directed at the target volume which
1s not modified by the individual collimator, as a form of in vivo dosimetry (the
detector cannot be placed directly in the part of the beam which irradiates the target
volume. as it would interfere with the planned dose distribution in the tumour
volume). Most likely. the alanine detector will be placed inside the individual brass
collimator and be read out following each radiotherapy session (fraction) to verify
the dose recetved by the target volume. in cumulative fashion. Work on this stage
of the project of applying the alanine detector for Quality Assurance in proton
radiotherapy is under way [12].

Articol 2

2. Harold M. Swartz, Benjamin B. Williams, Bassem I. Zaki, Alan C. Hartford, Lesley
A.]Jarvis, Eunice Y. Chen, Richard ]J. Comi, Marc S. Ernstoff, Huagang Hou, Nadeem
Khan, Steven G. Swarts, Ann B. Flood, Periannan Kuppusamy, Clinical EPR -
Unique Opportunities and Some Challenges, Academic Radiology, 2014, 21, 197-
206 doi: http://dx.doi.org/10.1016/j.acra.2013.10.011
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Abstract

Clinical EPR:

Unique Opportunities and Some Challenges

Harold M. Swartz, MD, PhD, MSPH, Benjamin B. Williams, PhD, Bassem |. Zaki, MD,

Alan C. Hartford, MD, PhD, Lesley A. Jarvis, MD, PhD, Eunice Y. Chen, MD, PhD, Richard J. Comi, MD,
Marc S. Emnstoff, MD, Huagang Hou, MD, Nadeem Khan, PhD, Steven G. Swarts, PhD,

Ann B. Flood, PhD, Periannan Kuppusamy, PhD

Electron paramagnetic resonance (EPF) spectrascopy has been well established as a viable technigue for measumement of free radicals
and axygen in biological systems, from in vitro cellularsystems to in vive small animal models of disease. However, the useof EPR in human
subjects in the dinical setting, atthouwgh attractive for a variety of important applications such as oxygen measurement, is challenged with
several factors including the need for instrumentation customized for human subjects, probe, and regulatory constraints. This article
describas the rationale and development of the first clinical EPR systems for two important clinical applications, namely, measuremant
of tissue oxygen (oximetry) and radiation dose (dosimetry) in humans. The clinical spactrometers operate at 1.2 GHz frequancy and use
surface-loop resonators capable of providing to pical measurements up to 1 cmdepth in tissues. Tissue pOy, measurements can be camied
out noninvasively and repeatedly after placament of an cxygen-sensitive paramagnatic material {currently India ink) at the site of interast.
Our EPR dosimetry system is capable of measuring mdiation-induced free radicals in the tooth of irradiated human subjects to datermine
tha exposure dosa. These developments offer potential op portunities for dinical dosimetry and oximetry, which inclede guiding therapy for
individual patients with tumars or vascular disease by monitoring of tissue oxygenation. Further work is in progress to trans|ate this unique
technology to routine clinical practice.

Key Waords: Electron paramagnetic resonance; free radical, cxygen; hyperoxygenation; tumar therapy; radiation therapy; dosimetry.
DAUR, 2014

Concluzii

CONCLUSION

The recent developments in EPR. instrumentation, probes,
and methods offer potential opportunities for dinical oxme-
try and dosimetry. The EPR. cximetry is valuable for guiding
therapy for individual patients with tumors or vascular disease,
by monitoring tissue oxygenation. Further work & in progress
to translate this unique technology to routine clinical practice.
The use of in vivo EPR. dosimetry appears to be sufficient for
the initial stage of triage in a large-scale radiation event, and

further improvements are underway, consstent with the goal

of becoming an intrinsic part of the response system within 2—
3 years.
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The comparison of the proton dose distribution calculated with the @ ek
treatment planning system and measured with alanine detectors in
the eye phantom irradiated under therapeutic conditions

Barbara Michalec”, Marta Ptaszkiewicz, Gabriela Mierzwiriska, Joanna Dabrowska,
Urszula Sowa, Renata Majgier

Insrimee of Nuclear Physics Polish Academy of Science (1 PAN] ul Rodzikbowsldego 152, PL 37-342 Knkow, Foland

HIGHLIGHTS

« We confirmed the utility of alanine for in-phantom measurements in proton beams.
« We compared TPS-planned and measured doses in proton eye radiotherapy simulation.
« We discovered the limitation of alanine in registration the high dose| gradients,

ARTICLE INFO ABSTRACT

Article histony: The paper describes the applicability of commerdally available alanine detectors produced by Synergy
fwvailable online 12 June 2014 Health for verification of the dose distribution c loulated by the treatment planning system (TPS) wed in
proton eye radiotherapy — Eclipse Ocular Proton Planning ( EOPP) program, version 8906, Varian Medical
Keywaornds: Systems. The TPS-plan ned dose distribution atselected points in the eyve phantom i compared to the dose

Alanine ) registered by alanine detectors st these points during a simulated therapeutic irradiabion at the proton eye
E:;‘:‘;lsr‘i’rﬂleor:;emw radiothe rapy facility in the Henryk Niewodniczans ki Insttute of Nudear Physics (IF] PAN ), Krakow, Poland.

- . The phantomwas irradiated to obtain, a typical for choroidal melanoma, fraction dose of 150GE (13,64 Gy)
Treatment planning X . . + i !
™ at the tumor loaton. The dose registered with alanine pellets located inside the simulated tumor volume
Ocular tumars demonsirates a good agreement with the TPS-planned dose. The typical for proton radiotherapy, steepdose
fall-off outside the treated area is registered by the alanine pellets however, it is difficult o assess it
quantitatively, because the dose related EPR signal is registered from the entire pellet volume.
© 2004 Elsevier Ltd. All rights resenvsed.

BABES-BOLYAI UNIVERSITAT
BABES-BOLYAI UNIVERSITY

Py POCU 130631 Practica pentru o dezvoltare durabila

Instrumente Structurale
2014-2020

UNIVERSITATEA BABES-BOLYAI
BABES-BOLYAI TUDOMANYEGYETEM



UNIUNEA EUROPEANA

Concluzii

4. Conclusions

The alanine detectors produced by Synergy Health, calibrated in
terms of dose to water, can be successfully applied for comparisons

Articol 4

Instrumente Structurale
2014-2020

between the TPS-planned and measured dose distributions inside
the target volume in the proton radiotherapy, particularly in the
SOBP region. As is typical for proton radiotherapy, a steep dose fall-
off outside the treated area is registered by the investigated alanine
detectors; however, it is difficult to assess this fall-off quantitatively
with pellets of this size. The dose-related EPR signal is measured
from the entire pellet volume, which is too large compared to the
distal fall-off area. The sharp dose gradient inside the pellet volume
could be investigated using the EPR imaging technique, which
combines a high spatial resolution with the specificity of EPR and
would enable the spin density within the pellet to be determined.

The Synergy Health alanine detectors can also be used in other
QA and QC procedures involving therapeutic proton beam, e.g.,
during commissioning or periodic tests of the beam or in dose
delivery control (Michalec et al., 2013). The most substantial ad-
vantages of the alanine detectors in contrast to different types of
passive dosimeters are their non-destructive read-out and low
fading (Schauer et al,, 2007; Ahlers and Schneider, 1991), making
them a type of “dose archive” that maintains the dose record for
documentation.

The investigated alanine detectors could most likely be widely
applied for dose distribution measurements in conventional
radiotherapy, which is characterized by much smaller dose
gradients.
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Measurement of absorbed dose to water around an electronic brachytherapy source.
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Measurement of absorbed dose to water
around an electronic brachytherapy source.
Comparison of two dosimetry systems:
lithium formate EPR dosimeters and
radiochromic EBT2 film
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Cratshark

Abstract

Interest in high dose mie (HDR ) electronic brachythernpy operating at 50kV is
increasing. For quality assurance it is important to identify dosimetry systems
that can measure the absorbed doses in absolute terms which is difficult in
this energy region. In this work a comparison is made between two dosimebry
systems, EPR lithinm formate dosimeters and radiochromic EBT2 film.

Both types of dosimeters were irradiated simultaneocusly in a PMMA
phantom using the Axxent EBS. Absorbed dose to water was determined at
distances of 10mm, 30mm and 50 mm from the EBS. Resulis were traceable
to different primary standards as regards to absorbed dose to water (EPR) and
air kerma (EBT2). Monte Carlo simulations were used in absolute terms as a
third estimate of absorbed dose to water.

Agreement within the estimated expanded (k = 2) uncertainties (5% (EPR).
T% (EBT2)) was found between the results at 30mm and 50mm from the
x-ray source. The same result was obtained in 4 repetitions of iradiation,
indicating high precision in the measurements with both systems. At all
distances, agreement between EPR and Monte Carlo simulations was shown
as was also the case for the film measurements at 3dmm and 50mm. At
10mm the geometry for the Glm measurements caused too large uncentainty in
measured valoes depending on the exact position (within sub-mm distances)
of the EBS and the 10 mm film results were exculded from comparison.

This work has demonstrated good performance of the lithium formate EPR
dosimetry system in accordance with earlier experiments at higher photon
energies (2lr HDR brachytherapy). It was also highlighied that there might
be issues regarding the energy dependence and intrinsic efficiency of the EBT2
film that need to be considered for measurements using low energy sources.

Keywords: electronic brachytherapy, EPR, lithiom formate, radiochromic
film, intrinsic efficiency
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Concluzii

5. Conclusions

This work is a contribution to developing reliable experimental methods suitable for dosim-
etry around low enercy brachytherapy sources, in particular high dose rate EBS. The EPR
dosimeters were found to yield results in agreement with Monte Carlo simulations at three
distances (10, 30 and 50 mm) from the source in the phantom. The EBT2 films agreed with
Monte Carlo and EPR at 30 mm and 50 mm. At 10mm, the uncertainty in the exact positioning
of the EBS was too large to get a reliable estimate using EBT2 films. This work has shown the
complexity of measurements around this type of source and the importance of detailed knowl-
edge of the properties of the dosimetry system used. It was also shown that lithium formate
EPR dosimetry is a good candidate for the purpose and it was deduced that there might be
issues regarding energy dependence and intrinsic efficiency of the EBT2 film that need to be
considered in future measurements.
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using alanine/EPR dosimetry
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Abstract
Biologic image puided radiotherspy (RT) with escalated doses to mmowr
sub volumes challenges today’s BT dose planning and delivery systems.
In this phantem study, we verify the capability of a clinical dose planning and
delivery system io deliver an |8F-FDMG-PET based dose painted treatment
plan to a long tumour. Furthermore, we estimate the uncentzinties of the dose
painted treatment compared to comventional BT plans. An anthropomorphic
thorax phantom of polystyrene and polyorethane was constrocted based on CT
images of a lung cancer patient. 101 EPR/alanine dosimeters were placed in
sepamte cavities within the phantom. IMET and YMAT plans were genemted
in Eclipse {version 100, Analytical Anispéropic Algorithm version 10228,
Vartan Medical Systems, Inc.) for 6 and 15 MY photons, based on 18F-FID(G-
PET/CT images of the patient. A boost dose of 3.8 Gyffraction was given to
the 18F-FIG-avid region (biokegical planming voloms; BTV, whereas 3.1 Gy
fraction was planned to the planning target volume (FTV, excloding the BTV
For the homogenous plans, 3.2 Gyfraction was given to the PTV. Imadiation
of the phantom was carried owt af a Vanan Trilogy linear accelerator {Varan
Medical Systems. Inc). Uncerainfies involved in treatment planning and
delivery were estimated from portal dosimetry gammaevahitation. Measured and
calculated deses were compared by Bland—Altmann analysis. For all treatment
plans, all dose-volume objectives could be achieved in the treatment planming
system. The mean absolute differences between calculsted and measwred

doses were small (<00 Gy) for BTV, PTV-BTY, long and soft tissue. The
estimated wncenainty of the planned doses was less than 3% for all plans.
whereas the estimated uncerizinty in the measured doses was less 2.3%, Owr
results show that planning and delivery of dose escalated lung cancer treatment
on & clinical dose planning and delivery svstem has high dosimetric accuracy. The
uncertainties associated with the dose escalated treatment plans are comparabls
to the conventional plans.

Keywonds: radiotherapy, lung cancer, phantom. IMET, VMAT, PET.
functional imaging

Craline supplementary data available from stacks iop.org MBS 122450
mmedia
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Concluzii
5. Conclusion

Wi have validated the feasibility of a contour based dosez painting approach for an advanced
stage lung tumowr. The dose distribution within the phantom corresponds well with the cal-
culated dose distribution of the TPS for both D and homogenous IMBT treatment. The dif-
ference bebween calculated and measured dose are similar regardless of treatment strategy
and photon beam energy. This is supporied by the wncertainty and Bland Altman analyses,
which show no systematic differences between the plans with exception of the geometrical
uncertainty. In a clinical setting, strategies to handle tumour motion during imaging and treat-
ment must be employed. Mevertheless, ours resulis indicate that the dosimetric challenges of
the employed dose painting strategy are nod related to the dose calculation and delivery of the
treatment system.
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Alanine films for EPR dosimetry of low-energy (1-30keV) X-ray photons
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ARTICLEINFO ABSTRACT

Keywords: L-z-alanine has aroused considerable interest for use in radiation EPR dosimetry and has been formally accepted
Elariron paramagnetic resonance as a secondary standard for high-dose (kGy) and transfer dosimetry of high-energy photons and electrons. In this
Low energy photons work, we extended the investigation of the energy response of alanine EPR films in the low energy range for X-

Alanine

photons (1-30keV). Electron Paramagnetic Resonance (EPR) measurements were performed on Kodak BioMax

alanine films exposed to low-energy X-rays from a Cu-, W- and Mo-targets tube operating at voltages up to 30 kV.
Films were chosen because of the low penetration of the soft X-rays used. The response of alanine to low-enargy
X-rays was characterized experimentally and the relative response (with respect to high energy photons) was
found to be between 0.8 and 0.9 for Cu- and W-tube X-rays, and 1.0 for Mo-tube X-rays. The attenuation profiles
wiere investigated and it was found that 1 mm of film material reduces the intensity of the X-ray-beam by about
7096, 50% and 40% for Cu-, W- and Mo-tube X-rays, respectively. Monte Carlo simulations were performed to
muodel the energy release as well as the depth dose profiles for the various radiation beams used. These data are
considered relevant for dosimetric applications in low energy beams such the high-gradient treatment fields used
in monoenergetic microbeam radiation therapy (MRT) with synchrotron radiation as well as in brachytherapy

with low energy sources, for instance "™¥h.
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Concluzii

4. Conclusions

Commercial KEodak BloMax alanine films were exposed to Cu-, W-
and Mo-target X-tube photons for doses up to 40 Gy and the relative
response (with respect to high energy photons) was found to be be-
tween 0.5 and 0.9 for Cu- and W-tube X-rays, and 1.0 Mo-tube X-rays.
The attenuation profiles were Investigated since these beams are ra-
pldly attenuated: 1 mm of film material reduces their intensity by about
70%, 50% and 40% within 1 mm for Cu-, W- and Mo-tube X-rays, re-
spectlvely. These results were modelled through Monte Carlo slmula-
tions. Therefore, the ~ 100 micron actlve thickness of the Kodak
BioMax alanine films is very useful In the measurement of these low
energy X-Rays and they are promising for the doslmetry of low energy
synchrotron radlation In the form of microplanar beams for the treat-
ment of braln metastases as well as In brachytherapy with low energy
SOUrCEs.
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Catalin Stelian Tuta, Marie Noélle Amiot, Line Sommier, Razvan Mihail loana,

Alanine pellets comparison using EPR dosimetry in the frame of quality assurance for a

Gamma Knife system in Romania, Radiation Physics and Chemistry, 2020, 170, 108653.

doi: https://doi.org/10.1016/j.radphyschem.2019.108653

Abstract

Alanine pellets comparison using EPR dosimetry in the frame of quality

assurance for a Gamma Knife system in Romania
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ABSTRACT

In the last decade, the use of alanine/Electranic Paramagnetic Hesonance (EPR) system was extended to
radiotherapy doses. In sereotactic mdicsurgery, doses up to 70 Gy are delivered to the brain tumor preserving
healthy tismes. This type of reatment is delivered using dedicated equipment, like Cyberknife or Gamma Enife.
Alanine dosimeters are characterized by their small size (5 mm diameter) and by similarity with tissue. They are
well adapted for this wide dose range for which the dosimeter response iz linear, independent of dose rate and
energy for the mnge around few MeV. Therefore Alanine/EPR system is a suitable method for accumte and
stable dose measurements as passive dosimeters for namow reatment beams, which makes it an excellent
candidate for end to end testing of radicsurgery treatments usng Gamma Knife. The present work describes the
development of the alanine/EPR method at Horia Hulubei Mational Instimite for Physics and Nuclear
Engeneering (I[FIN-HH) in Romania including the optimization of system pammeters for the radiosurgery dose
range in the frame of an IFIN-HH and the French national metrology institute Laboratoire Mational Henri
Becquere] federated by the Laboratoire National de métrologie ef d'Essais (LNE-LMHB) collaboration. Romanian
alanine dose measurements capability is presented regarding a comparizon of calibration curves between bath
Mational Laboratories using Bruker and Synergy Health alanine pellets.
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Concluzii

5. Conclusions

The slopes of the calibration curves obtained for the Bruker and
Synergy Health alanine pellets are in an excellent agreement within
their uncertainty at LINE-INHE as well as at [FIN-HH. These results
confirm the equivalence between both types of alanine pellets when
used for absorbed dose to water measurements. The results presented in
this paper validate the almine/EPR system and the protocols estab-
lished at IFIN-HH and also show that alanine/EPR dosimetty systemis a
very good candidate for being used as a transfer dosimeter for Gamma
Enife medical procedures.
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P. Ramachandran, C. Noble, C. Jones, V. Seshadri, M. Foote, Electron Paramagnetic

Resonance Spectroscopy for Gamma Knife Dosimetry, Journal of Physics: Conference

Series, 2020, 1662, 012026, doi: https://doi.org/10.1088/1742-6596/1662/1/012026

Abstract

Electron Paramagnetic Resonance Spectroscopy for Gamma
Knife Dosimetry

P REamachandran, T Noble, C Jones, V Seshadri, A Foote
Department of Radizfion Oncology, Prmcess Alexandra Hospital, Woolloongabba,
Chieensland, Australia 4102

E-mml: prabhakar ramachandran@health qld gov.au

Abstract. Alanine chips exposed to high doses of radiation produces long lived free radicals that
conld be easily measured with elecoon paramsgnetic resonance (EFE) specrometers. In this
study, the feasibility of nsing slanine dosimeters for performing rapid quality assarance of
Lekzell Gamma Faifs (LGE) teatment plans was demonsrated. A 3D printed zrid was placed
inside the LGE sphenical solid water phantom {5WEF) for measurement of doses at isccenive and
off-axiz pomts. The EPE spectroscopy was performed on & Magnettech MS-5000 EPRVESE
spectrometer. A saf of dose calibration curves were established prior to the nse of alanine chips
for LGE dosimetry. Absolure dose, transit dose and dose/timer linearity were performed with
the alanine chips positoned at the centre of the LGE solid water phantom (SWE). Five patienats
of different sites were selected, and patient specific guality assurance (PSQA) was perfonmed in
the LGE 5WEF. The absolute dose measured with the EPF. alamine dosimeter agreed well within
2% of the ion chamber results and PSOA results were within 2.1%. Alamine-basad EFR
dosimery offers rapid dose measmerment with hizh acouracy and can alse be used as a dosimeter
for Ganuna Enife PSOA

Concluzii

4. Conelusions

The absclute dose measured with the EPE. alanme desimeter azreed well wathin 2% of the 10n chamber
results. Alamme-based EPE dosimetry shows prommsmz and comparable results m Gamma Emfe
dosimetry and can be used as a dosimeter for patent specific quality assurance swted well for Garmnz
Emfe plans (8 Gy — 180 Gy).
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Abstract

A practical EPR dosimetry system for routine use in radiotherapy:
uncertainty analysis of lithium formate dosimeters at the
therapeutic dose level

Sebastian Hafel ~ 0, Michael Stehle’, Pelix Zevicker’, Michsel K Fix' ) and Malte Drescher’
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Abstract

In electron paramagnetic resonance (EPR) dosimetry, solid dosimeter materialz such az alanine
[AL} or, more recently, lithinm formate monohydrate (LFM) are typically uzed. These materialz
offer high potential for applications in radiotherapy bazed on their favorable dosimetric properties.
Mevertheless, EPR. dosimetry iz not widespread in the clinice. Thiz work presents an uncertainty
analyeiz of EPR. dosimetry in the dose ranges from 1 to 70 3y uzing a compact spectrometer and
applying a practical pm-:cdmt being suitable for routine use in radiotherapy. The performances of
self-pregeed LFM pelletz and commercial AL pellets are compared side by zide.

All pelletz had a diameter of 4 mm and a height of 2 mm (AL) or 4 mm (LEM). The mean pellet
mazs wae 35.61 mg and 73.51 mg for AL and LFM, respectively. Before irradiation, the pellets were
sbored for at least & weele at 34 + 2% relative humidity. For irradistion, the pellets were put inzide
an airtight capsule. In total, 25 pelletz per material were examined. The pellets were irradiated at a
temperature of 25 + 2.5 (2} “C to doses of either 1. 5, 20, 30 or 70 Gy (five pellets per dose valoe
and material) by a clinical 6 MV photon beam Measurement uncertainties were obtained from five
independent readout: per pellet within five weeks following irradiation using a benchtop EPR
spectrometer. The mearurement time of a single readout was restricted to 10 min per pellet. Doce
values were derived from EPR signal amplitudes using a specifically developed spectral fitting
procedure. Signal fading characteristics were analyzed and taken into account during evalnation

The relative doge uncertainties (1o} for a single readout at doses = 3 Gy are below 2.8% (AL)
and 1.1% (LFM) but increaze to 12 3% [AL) and 2.6% (LEM) at 1 Gy. By mra.gmgﬁw:
independent readoute, the uncertainties at 1 Gy decrease to 2.6% (AL) and 008% (LFM).

In terme of dose uncertainty, the LFM pellets are superior to the commercial AL pellets owing
to their narrower EPR. cpectrum and approximately doubled magss resulting in higher EPR. signal
intenzities. In case of the LFM pelletz, the EPR dosimetry syztem shows a high level of precizion
[ 3%) down to 1 Gy being preferable for application: in radiotherapy. The uncertainties can be
further decreased by averaging multiple dose values from independent readouts.
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Concluzii

5. Conclusion

Precise dose measurements at the therapeutic dose level (1-70 Gy) are feasible on a EPR benchtop
spectrometer by implementing a practicable EPR dosimetry procedure. In terms of uncertainty at low doses
(< 20 Gy), the selt-made LFM pellets are superior to the AL pellets received from the manufacturer owing to
their narrower EPR spectrum and approximately doubled mass resulting in higher EPR signal intensities.
However, careful calibration and the knowledge of fading characteristics are prerequisites when analyzing
LEM signals. By following the elaborated dosimetry procedure, relative dose uncertainties of less than 3% at
1 Gy can be achieved for LFM based upon a single readout (10 min) and daily recording of the manganese

reference signal for 1 h. The uncertainties can be further decreased by averaging multiple dose values from
independent readouts. In principle, the presented dosimetry system is considered suitable for future on-site
applications in EBRT. However, overall uncertainties may increase due to less-controlled circumstances in
clinical routine. For example, irradiation temperatures may be more variable when dosimeters are applied
in-vive.

Articol 10

Sebastian Hofel, Michael K. Fix, Malte Drescher, Felix Zwicker, Suitability of
superficial electron paramagnetic resonancedosimetry for in vivo measurement and
verification ofcumulative total doses during IMRT: A proof of principle, Z Med Phys., 31
(2021) 365-377, https://doi.org/10.1016/j.zemedi.2021.03.006

Abstract

Abstract

Purpose: The present study investigates superficial in vive dosimetry (IVD) by means of a previously proposed electron
paramagnetic resonance (EFPR) dosimetry system aiming at measuring and verifying total doses delivered by complex
radiotherapy treatments. In view of novel regulatory requirements in Germany, differences between measured and planned
total doses to the EPR dosimeters are analyzed and compared o reporting thresholds for significant occurrences.
Methods: EPR dosimeters, each consisting of one lithium formate monohydrate ( LFM) and one polycrystalline L-alanine
{ALA ) pellet, were attached to the surface of an anthropomorphic head phantom. Three head and neck treatments with total
target doses ranging from 30 to 64 Gy were fully delivered to the phantom by helical tomotherapy. During each treatment,
eight EPR dosimeters were placed at distinct spois: (i) within or next to the planning target volume (PTV), (ii) near to
organs at risk including the parotid glands and the eve lenses, (iii) at the thyroid lying out-of-field. EPR read out was
always performed after all fractions were delivered. EPR results were compared to thermoluminescence dosimeter (TLD)
measurements and to the planned total doses derived from the treatment planning system (TPS). Planned total doses to the
EFR dosimeters ranged from about 2 to 64 Gy.

Results: By taking uncertainties into account, the measured and planned doses were in good agreement. Exceptions
occurred mainly at the thyroid (out-of-field) and lenses (extreme sparing ). The maximum total dose difference between EPR
results and corresponding planned doses was 1.3 Gy occurring at the lenses. Remarkably, each LFM and ALA pellet placed
within or next to the PTV provided dose values that were within £4% of the planned dose. Dose deviations from planned
dose values were comparable for EPR and TLD measurements.

Conclusion: The results of this proof of principle study suggest that superficial EPR-IVID) is applicable in a wide dose range
and in various irradiation conditions — being a valuable tool for monitoring cumulative total doses delivered by complex
IMRT treatments. EPR-IVD in combination with helical tomotherapy is suitable to reliably detect local dose deviations at
superficial dosimeter spots in the order of current national reporting thresholds for significant occurrences (i.e. 1094 Gy)

Keywords: In vivo, EPR dosimetry, Lithium formate. Alanine, Intensity modulated radiotherapy, Tomotherapy
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Concluzii

5 Conclusion

The present study shows that superficial in vive EPR
dosimetry is suitable for measuring and verification of total
doses delivered during complex IMRT treatments for all cases
considered.

EPR-IVD in this work was performed with two different
dosimeter materials: Self-pressed LFM and commercial ALA
pellets. Due to their higher robustness regarding contouring
errors and misplacements as well as higher levels of precision
atlower doses, the LFM pellets used in this work are preferable
for IVD compared to commercial ALA pellets.

Relevant differences between measured and planned total
doses in the order of current reporting thresholds for sig-
nificant occurrences (10%/4 Gy) can be reliably detected by
superficial EPR dosimetry and. thus, superficial EPR-IVD
may serve as an additional safeguard during the delivery of
complex IMRT treatments in the future.

Articol 11

Sebastian Hofel , Matteo Gandalini, Michael K. Fix, Malte Drescher and Felix

Zwicker, Prospective superficial EPR in-vivo dosimetry study during hypofractionated

radiotherapy of breast cancer patients treated with helical tomotherapy, Radiat. Oncol.,,

2021, 16, 209. doi: https://doi.org/10.1186/s13014-021-01938-8

Abstract

Abstract

Background: In-vivo dosimetry (VD) is a patient specific measure of quality control and safety during radiotherapy.
With regard to current reporting thresholds for significant occurrences in radiotherapy defined by German regulatory
authorities, the present study examines the clinical feasibility of superficial electron paramagnetic resonance (EPR)
VD of cumulative total doses applied to breast cancer patients treated with helical intensity-modulated radiotherapy
(tomotherapy).

Methods: In total, 10 female patients with left- or right-sided breast cancer were enrclled in this prospective IVD
study. Each patient received a hypofractionated whole breast irradiation. A total median dose of 42.4 Gy in 16 frac-
tions (5 fractions per week) was prescribed to the planning target volume. The treatments were completely deliv-
ered using helical tomotherapy and daily image guidance via megavoltage CT (MVCT). For each patient, three EPR
dosimeters were prepared and placed at distinct locations on the patient’s skin during the delivery of all fractions. Two
dosimeters were placed next to the ipsilateral and contralateral mammilla and one dosimeter was placed ventrally

to the thyroid (out-of-primary-beam). The total doses delivered to the dosimeters were readout after all fractions had
been administered. The measured total dose values were compared to the planned dose values derived from the
treatment planning system (TPS). Daily positional variations (displacement vectors) of the ipsilateral mammilla and of
the respective dosimeter were analyzed with respect to the planned positions using the daily registered MVCT image.
Results: Averaged over all patients, the mean absolute dose differences between measured and planned total dose
values (< standard deviation (SD)) were: 0.49 £ 0.85 Gy for the ipsilateral dosimeter, 0.17 £ 0.49 Gy for the contralateral
dosimeter and -0.12 £ 030 Gy for the thyroid dosimeter. The mean lengths of the ipsilateral displacement vectors
(£5D) averaged over all patients and fractions were: 1047 mm for the dosimeter and 844 mm for the mammilla.
Conclusion: Superficial EPR VD is suitable as additional safeguard for dose delivery during helical tomotherapy of
breast cancer. Despite positional uncertainties in clinical routine, the observed dose deviations at the ipsilateral breast
were on average small compared to national reporting thresholds for total dose deviations (i.e. 1096/4 Gy). EPR VD
may allow for the detection of critical dose errors during whole breast irradiations.
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Concluzii

Conclusion

Despite remaining positional uncertainties during image-
guided helical tomotherapy of breast cancer, the dose
differences between planned and measured cumula-
tive total doses obtained via superficial EPR IVD as well
as combined uncertainties of the dose differences were
small for the ipsilateral dosimeter compared to current
reporting thresholds in radiotherapy. Thus, EPR IVD
is suitable and clinically feasible to assist in detecting,
preventing and investigating severe dose misadministra-
tion to the treated breast according to current reporting
criteria. Dose delivery to the contralateral breast and to
the thyroid lying out-of-field could be monitored down
to approximately 1 Gy cumulative dose. Superficial EPR
IVD is to be seen as an additional safeguard for monitor-
ing cumulative total doses to radiotherapy patients. In
future clinical routine, superficial EPR IVD could assist
in recognizing treatment errors and may support further
investigations whether the criteria for reporting are met.
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Abstract

Alanine/EPR dosimetry in brachytherapy

C De AngelisTI. S OnoriT, E Peteftii. A Piermattei§ and L Azario§

T Physics Laboratory, Istituto Superiore di Sanita, Viale Regina Elena 299, 00161 Rome, Italy
§ Physics Institute, Universiti Cattolica S Cuore, Largo Francesco Vito 1, 00168 Rome, Italy

Received 4 December 1998

Abstract. The paper reports the experimental procedure adopted to determine the absorbed dose
rate in water per reference air kerma rate, Dy, (d, 6). along the transverse bisector axis of a 2¥7Cs
brachytherapy source. The dose rate measurements have been carried out at difference distances, d.,
from the source using alanine dosemeters in a water phantom. The reference air kermarate, K, was
determined adopting a ‘direct procedure’ that uses a spherical ionization chamber 1 air. The dose
rate constant of the source examined was Dy (1, 7,/2) = 0.99£0.03 cGyh ! (uGyhY)!. The
values of the radial dose function along the transverse axis, g(d). determined with an uncertamty
of 3.4% (1e). were found to be in good agreement with the results reported in the literature.

The uncertainty in dose rate value has been estimated as 2.8% (lo) for distances from the
source up to 7 cm. K, has been determined with 1.2% (lo) uncertainty. So Dy, (d, 7/2) values
were determined with 3% (1¢) uncertainty.

Concluzii

In conclusion, the use of alanine/EPR dosimetry and of a properly designed water phantom
made it possible to calibrate a brachytherapy 1*’ Cs source with an uncertainty comparable to
or even better than that achievable using more conventional dosimetry systems. The same
experimental approach can be used for high-activity *?Ir sources. Indeed. as shownin table 1,
the relative calibration factor of alanine dosemeters varies by about 1% for 1 to 7 cm distances
from an *’Ir source. The same table shows a 6% variation for TLD-100 in the same distance
range. Unfortunately. alanine/EPR dosimetry requires expensive EPR spectrometers, trained
personnel. long irradiation times and detectors not easily available on the market. So a possible
working scheme could be one in which a reference laboratory (at national or international level)
will use alanine as a transfer dosemeter. The hospital centre that uses a specific type of source
should measure the strength of the source in terms of K, and irradiate alanine dosemeters
in a proper water phantom. both provided by the reference laboratory. Then, the reference
laboratory will carry out the EPR readout. It should be remembered that alanine/EPR dosimetry

has negligible fading (<0.5% per year at RT) (Regulla and Deffner 1982, Onori ef al 1990)
which is an important requisite in the proposed working scheme.

The Dk, (d,m/2) values so obtained for that type of source can be used both in centres
that use the same source and when a new source of the same type is introduced in a centre due
to radioactive decay. Moreover, verification of treatment planning dose computation can be
performed with alanine dosimetry when complex source configurations are used, for example
in the case of freatments obtained using a source in motion into the applicator as well as
treatments with multisource systems.
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Monte Carlo investigation of the energy dependence of alanine/EPR dosimetry: II. Clinical
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Abstract

An experimental and Monte Carlo investigation
of the energy dependence of alanine /EPR dosimetry:
II. Clinical electron beams

Concluzii

G G Zeng', M R McEwen, D W O Rogers’ and N V Klassen
lonizing Radiation Standards, National Research Council of Canada, Ottawa K1A 0OR6, Canada

E-mail: Grace.Zeng(@rmp.uhn.on.ca
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Online at stacks.iop.org/PMB/50/1119

Abstract

The energy dependence of alanine/EPR dosimetry for 8, 12, 18 and 22 MeV
clinical electron beams was investigated by experiment and by Monte Carlo
simulations. Alanine pellets in a waterproof holder were irradiated in a water
phantom using an Elekta Precise linear accelerator. The dose rates at the
reference point were determined following the TG-51 protocol using an
NACP-02 parallel-plate chamber calibrated in a ®°Co beam. The EPR spectra of
irradiated pellets were measured using a Bruker EMX 081 EPR spectrometer.
Experimentally, we found no significant change in alanine/EPR response to
absorbed dose-to-water over the energy range 8—22 MeV at an uncertainty level
of 0.6%. However, the response for high-energy electrons is about 1.3 (£1.1)%
lower than for ®’Co. The EGSnrc Monte Carlo system was used to calculate
the ratio of absorbed dose-to-alanine to absorbed dose-to-water and it was
shown that there is 1.3 (£0.2)% reduction in this ratio from the ®'Co beam
to the electron beams, which confirms the experimental results. Alanine/EPR
response per unit absorbed dose-to-alanine was also investigated and it is the
same for high-energy electrons and %Co y-rays.

6. Conclusions

In this study, we investigated the energy dependence of alanine/EPR dosimetry for clinical
electron beams. It was found that alanine /EPR response per unit absorbed dose-to-water at the
standard reference depth does not depend on electron beam energy, but it is about 1.3% lower
than that for ®*Co y-rays. Furthermore, within the experimental and calculation uncertainties,
the radiation yield, based on dose-to-alanine, is the same for clinical electron beams as that
for ®'Co y-rays.

Note added in proof. Since the acceptance of this manuscript, a report of a similar study, ‘An experimental investigation
of the electron energy dependence of the EPR alanine dosimetry system’ by Bergstrand er al, has been published in
Radiation Measurements 39 (2005) 21-8.
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https://doi.org/10.1118/1.3110068

Abstract

Evaluation of a lithium formate EPR dosimetry system for dose
measurements around '®2Ir brachytherapy sources

Laura Antonovic, Hakan Gustafsson, Gudrun Alm Carlsson, and Asa Carlsson Tedgren®
Department of Medical and Health Sciences (IMH), Radiation Physics, Faculty of Health Sciences,
Linkdping University, SE-581 85 Linkoping, Sweden

(Received 27 September 2008; revised 9 March 2009; accepted for publication 10 March 2009;
published 18 May 2009)

A dosimetry system using lithium formate monohydrate (HCO,Li-H,0) as detector material and
electron paramagnetic resonance (EPR) spectroscopy for readout has been used to measure ab-
sorbed dose distributions around clinical '*’Ir sources. Cylindrical tablets with diameter of 4.5 mm,
height of 4.8 mm, and density of 1.26 g/cm® were manufactured. Homogeneity test and calibration
of the dosimeters were performed in a 6 MV photon beam. '*?Ir irradiations were performed in a
PMMA phantom using two different source models, the GammaMed Plus HDR and the microSe-
lectron PDR-v1 model. Measured absorbed doses to water in the PMMA phantom were converted
to the corresponding absorbed doses to water in water phantoms of dimensions used by the treat-
ment planning systems (TPSs) using correction factors explicitly derived for this experiment. Ex-
perimentally determined absorbed doses agreed with the absorbed doses to water calculated by the
TPS to within £2.9%. Relative standard uncertainties in the experimentally determined absorbed
doses were estimated to be within the range of 1.7%—1.3% depending on the radial distance from
the source, the type of source (HDR or PDR), and the particular absorbed doses used. This work
shows that a lithium formate dosimetry system is well suited for measurements of absorbed dose to
water around clinical HDR and PDR "Ir sources. Being less energy dependent than the commonly
used thermoluminescent lithium fluoride (LiF) dosimeters, lithium formate monohydrate dosimeters
are well suited to measure absorbed doses in situations where the energy dependence cannot easily
be accounted for such as in multiple-source irradiations to verify treatment plans. Their wide
dynamic range and linear dose response over the dose interval of 0.2-1000 Gy make them suitable
for measurements on sources of the strengths used in clinical applications. The dosimeter size
needs, however, to be reduced for application to single-source dosimetry. © 2009 American Asso-
ciation of Physicists in Medicine. [DOL 10.1118/1.3110068]

Key words: experimental ““Ir dosimetry, electron paramagnetic resonance detector

UNIVERSITATEA BABES-BOLYAI
BABES-BOLYAI TUDOMANYEGYETEM
BABES-BOLYAI UNIVERSITAT
BABES-BOLYAI UNIVERSITY

Py POCU 130631 Practica pentru o dezvoltare durabila


https://doi.org/10.1118/1.3110068

UNIUNEA EUROPEANA

Concluzii

VI. CONCLUSIONS

The lithium formate EPR dosimetry system investigated
has shown to yield accurate results when used to determine
absorbed doses around '*Ir brachytherapy sources. Its low-
energy dependence relative to water makes it more suitable
for dose verification than LiF TL dosimetry systems in clini-
cally relevant situations (multisource implants and stepping-
source irradiations where the photon energy spectrum in the
general situation is unknown and hence cannot be corrected

Articol 16
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for). The wide dose-response linearity of the system is an
advantage since dose distributions around PDR and HDR
21y sources can be measured for sources of clinical strength
and dosimeters can be irradiated at different distances from
the source(s) within one irradiation. Before the lithium for-
mate EPR dosimetry system can be used for experimental
verification of absorbed dose distributions around single
sources or in other situations where dose gradients are
steeper than in the present work, methods of producing and
measuring with smaller dosimeters must be developed to
keep the volume averaging correction reasonably low in situ-
ations with steep dose gradients such as those close
(<3 cm) to a single source.

Carmen S Guzman Calcina, Adelaide de Almeida, Jose R Oliveira Rocha, Felipe Chen

Abrego and Oswaldo Baffa, Ir-192 HDR transit dose and radial dose function
determination using alanine/EPR dosimetry, Phys. Med. Biol. 50 (2005) 1109-1117 doi:
https://doi.org/10.1088/0031-9155/50/6/005

Abstract

Abstract

Source positioning close to the tumour in high dose rate (HDR) brachytherapy

is not instantaneous.

An increment of dose will be delivered during the

movement of the source in the trajectory to its static position. This increment
is the transit dose, often not taken into account in brachytherapeutic treatment
planning. The transit dose depends on the prescribed dose, number of treatment

fractions, velocity and activity of the source.

Combining all these factors,

the transit dose can be 5% higher than the prescribed absorbed dose value
(Sang-Hyun and Muller-Runkel 1994 Phys. Med. Biol. 39 1181-8, Nath ef al

1995 Med. Phys. 22 200-34).

However, it cannot exceed this percentage

(Nath eral 1995). In this work, we use the alanine-EPR {electron paramagnetic
resonance) dosimetric system using analysis of the first derivative of
the signal. The fransit dose was evaluated for an HDR system and is
consistent with that already presented for TLD dosimeters (Bastin ef al
1993 Int. J. Radiat. Oncol. Biol. Phys. 26 695-702). Also using the same
dosimetric system, the radial dose function, used to evaluate the geometric dose
degradation around the source, was determined and its behaviour agrees better
with those obtained by Monte Carlo simulations (Nath ef al 1995, Williamson
and Nath 1991 Med. Phys. 18 434-48, Ballester et al 1997 Med. Phys. 24
1221-8, Ballester ef al 2001 Phys. Med. Biol. 46 N79-90) than with TLD

measurements (Nath ef al 1990 Med. Phys.
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Concluzii
4. Conclusions

The static dose D, may be planned in the conventional way by the medical physicist, and the
transit dose [),, must be considered and, when significant, added to the static dose. The transit
dose values, obtained for the first time using a first harmonic alanine-EPR. dosimeter, are close
to those reported in the literature using TLD.

The radial dose function, obtained from alanine EPR. measurements, agrees with Monte
Carlo simulations. The agreement with TLD values is satisfactory only for distances less than
5 cm.

We conclude that the alanine-EPE. dosimeter can be useful for HDR brachytherapeutic
dosimetry. Smaller alanine dosimeters could be used for higher spatial resolution.
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ARTICLE INFO ABSTRACT
Keywords: Alanine’s relative response to kilo-voltage X-rays, compared to *"Co reference quality beam, was studied in this
Absorbed dose to water work, in order to determine correction factors to be applied to alanine's response when irradiated with low to
Alanine/EPR medium energy X-rays (up to 300 keV).
kV X-rays The relative response to kilo-voltage X-rays of Aerial's alanine dosimeters was determined by three distinct

Monte Carlo simulations methods: experimental measurements using alanine dosimeters and a calibrated PTW Farmer 30013 ion

chamber, Monte Carlo simulations using MCNPX code and finally, analytical calculations based on weighting of
X-ray spectra by NIST's published mass energy absorption coefficients. Two sets of X-ray beam qualities, covering
high voltages ranging from 50 kV up to 280 kV, were used to study the energy dependence of the alanine
dosimeter’s response. Obtained results were consistent within 2.1% (average standard deviation at k = 1).
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Concluzii

5. Conclusion

Alanine dosimeter's relative response to kilo-voltage X-rays, com-
pared to *°Co reference beam quality, was studied in this work. The
relative response was determined by three different methods. Studied

beam qualities covered the range of 50-280 kV (aluminum HVL: from
1.5 to 19.6 mm - aluminum effective energy: from 25 to 168 keV).
Experimental measurements were performed at Aerial and NPL to
study alanine's relative response per dose to water unit for different X-
ray beam qualities. Obtained results were in a good agreement with
already published data (Anton and Biiermann, 2015) (Waldeland and

Malinen, 2011) (Waldeland et al., 2010), yet a slight difference is no-
ticed due to the difference in the dosimeter's composition and irradia-
tion geometry.

Monte Carlo simulations and analytical calculations determined the
ratio of the absorbed dose in alanine with respect to water. Results were
in a good agreement with ones obtained by Waldeland and Anton, as

well as with results obtained in this study by experimental measure-
ments (average standard deviation of 2.1%, at k = 1).

Measuring absorbed dose to water with alanine dosimeters irra-
diated with kilo-voltage X-rays, using a®“Co calibrated EPR system,
requires application of correction factors to the dosimeter's measured
EPR response. The three studied methods of determination of alanine's
relative response to kilo-voltage X-rays ensure a good estimation of
such correction factors.

Analytical calculations seem to be a simple, rapid and trustworthy
method to determine correction factors to be applied to alanine's re-
sponse measured by EPR spectrometry. Yet, the energy dependence of
the free radical creation yield (G-value [radicals]/100eV) in alanine
needs to be studied in order to integrate this phenomenon in both, si-
mulations and calculations.
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ARTICLEINFO ABSTRACT

Keywords: The TE101 mode rectangle EPR cavity was newly developed to achieve X-band in vive EPR tooth dosimetry for
EPR cavity the rescue of nuclear emergency. An aperture for sample detection was opened on the cavity’s surface. Its
In vivo

characteristics were evaluated by measuring DPPH and intact human incisor samples. Remarkable radiation

Elfn:d i induced signal from EPR spectrum of 1Gy—8Gy irradiated teeth was observed. In vivo measurements of rat was
TE101 mode performed to verify its application for in vivo tooth dosimetry.
Concluzii

4, Discussion

The development of this kind of X-band EPR cavity used a detection
aperture opened on the cavity wall for in vive purpose, and took the
advantage of TE10] rectangular mode. The electromagnetic field dis-
tribution in TE101 mode rectangle cavity offers the way of external
detection instead of inside the cavity. Microwave magnetic field loops
surround the eavity's surrounding metal walls and its intensity reaches
the highest near the middle of the cavity wall, where there exists an
aperture for sample inserting. At the same time, the aperture causes little
microwave electric field attenuation and surface current cutting. The
experiments of intact incisor irradiated by 1 Gy showed that radiation
induced signal could be obtained within just short time scan, which
strongly suggests the feasibility of in vivo tooth dose measurement by X-
band EPR technique.

We have developed TE111 and TM010 mode cavities for in vivo teeth
measurements before. Compared with our previous work of TE111 and
TMO10 mode cavities, this cavity showed better performance in the
detection sensitivity. It provided an better solution for X-band in vivo
tooth dosimeter. In the future, more works to improve cavity’'s quality
factor Q, coupling, cavity shape and aperture shape should be pursued.
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Abstract

L-band electron paramagnetic resonance (EPR) in vivo dosimetry has the potential
advantage of being able to accurately and sensitively measure the absorbed dose of
ionizing radiation by measurements of tzeth in situ. The equipment is transportable
to the site where a radiation incident occurred and can be operated without special-
ized facilities. It, therefore, is very suitable for medical triage of victims in a large-
scale radiation incident to quickly determine whether the dose was large enough to
require urgent care. The measurements are made on the outer surfaces of the two
upper incisor teeth. However, some in vitro studies of extracted teeth using higher
frequency EPR have suggested that exposure to ultraviolet rays (UV) from sunlight
might confound estimates of the dose of jonizing radiation made with EPR. Because
the outer surfaces of incisors are likely to be exposed to UV /sunlight, it, therefore,
is essential to determine the potential quantitative impact of UV on L-band EPR
dosimetry measurements based on incisors. We, therefore, investigated the quantita-
tive effect of UV on the EPR signal from ionizing irradiation of human tezth using
the L-band spectrometer developed for field dosimetry. The UV-generated EPR sig-
nal was very small relative o the signals resulting from doses of ionizing radigtion
that are used for triage. For example, using our estimates of the effects of UV, for
a lifetime of 50 years of exposure of these eeth (assuming an average exposure o
sunlight of two hours/day). the expected average lifstime effect of UV-induced sig-
nal would be equivalent to 0.33 Gy; in contrast, riage criieria for accidental expo-
sume to ionizing irradiation generally start at 2.0 Gy.

Concluzii

5 Summary and Conclusions

Quantitative in vitro studies of EPR signals generated in incisor teeth by well-
defined UV- A and UV-B sources indicate that the impact on triage decisions
based on a threshold of 2 Gy from UV exposure on the magnitude of the EPR
signals is very low (approx. 67 mGy/yr) when measured in the L-band in vivo
spectrometer that usually is used for measurements in teeth in vivo. These results
indicate that the UV radiation in sunlight is very unlikely to be a significant con-
founder to EPR. dosimetry for triage based on in vivo L-band tooth dosimetry

measurements in upper incisor teeth.
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Abstract

In this review, we discuss the value of biological dosimetry and electron paramag-
nefic resonance (EPR) spectroscopy in the medical management support of acute
radiation syndrome {ARS). Medical management of an ionizing radiation scenario
requires significant information. For optimal medical aid, this information has to be
rapidly (< 3 days) delivered to the health-care provider. Clinical symptoms may ini-
tizlly enable physicians to predict ARS and initiate respective medical treatment.
However, in most cases at least further verification through knowledge on radiation
exposure details is necessary. This can be assessed by retrospective dosimetry tech-
migues, if it is not directly registenzd by personal dosimeters. The characieristics and
potential of biological dosimetry and electron paramagnetic resonance (EPR) dosim-
etry using human-derived specimen are presented here. Both methods are discussed
in a clinical perspective regarding ARS diagnostics. The presented technigues can
be used in paralke] to increase screening capacity in the case of mass casualties, as
both can detect the critical dose of 2 Gy (whole body single dose), where hospi-
talization will be considered. Hereby, biological dosimetry based on the analysis
of molecular biomarkers, especially gene expression analysis, but also in vivo EPR
represent very promising screening tools for rapid miage dosimetry in early-phase
diagnostics. Both methods enable high sample throughpat and potential for point-of-
care diagnosis. In cases of higher exposure or in small-scale radiological incidents,
the echnigues can be used complementarily to understand important details of the
exposure. Hereby, biological dosimetry can be employed to estimate the whole body
dose, while EPR dosimetry on nails, bone or teeth can be used to determine partial
body doses. A comprehensive assessment will support optimization of further medi-
cil reatment. Ultimately, multipath approaches are always recommendzd. By tap-
ping the full poiential of all diagnostic and dosimetric methods, effective treatment
of patients can be supportad upon exposure to radiation.
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Concluzii
4 Conclusion

Until a reliable bioindicator of effect with regard to the risk of developing ARS and
for routine use is available, dose information including dose heterogeneity as well as
dose distribution is crucial for medical treatment planning. Furthermore, local dose
assessment might be indispensable to guide medical treatment in high local irradia-
tion scenarios. Available rtrospective dosimetry methods exhibit different suitabil-
ity for different exposure scenarios and the most informative method or combination
of methods with regard to a specific case and its circumstances should be selected
for diagnosis. Finally, the application of several complementary methods is strongly
recommended for medical treatment and decision-making support, because most
scenarios are of a rather complex nature and each cass has its own characleristics.
Idzally, this is supported by a strong network of laboratories, which share the work-
load, enable fast dose reporting and provide a high-guality standard by standardiza-
tion and inter-laboratory comparisons.

Supplementary Information The online version contzins suppleme ntary mekerial availzbie at hitps:fidoi
org 10 LN a7 2302101 457-5.
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Abstract

Electron Paramagnetic Resonance (EPR) spectroscopy enables detection of paramagnetic centers generated in solids by
ionising radiation. In the last years, the ubiquity of glass in personal utility items increased significance of fortuities retro-
spective dosimetry based on EPR in glass parts of mobile phones and watches. Despite of fading of the signals and their
susceptibility to light, it enables dosimetry at medical triage level of 1-2 Gy. In this article information relevant for assess-
ment of applicability and planning of the EPR dosimetry is presented—particularly at dose levels typical for radiation acci-
dents. Reported data on fading of the radiation-induced spectral components are presented and compared. Effects of light
on background spectra and on the dosimetric signals are also presented. It is concluded that when properly accounting for
the fading and for the obscuring effects of light, the EPR dosimetry in glasses from mobile phones and watches can be used
in dose assessment after radiation accidents.

Keywords EPR - Dosimetry - [onizing radiation - ESR - Glass - Dose
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Concluzii

Conclusion

Results of the studies discussed in this brief review confirm
applicability of EPR signals in glasses for fortuities dosim-
etry of ionising radiation following unexpected, accidental
exposures of humans and their closest environment to doses
of a few Gy. In particular, dosimetry based on glasses from
ubiquitous utility items kept close to the body, like mobile
phones and wrist watches, allows to achieve a sensitivity
of detection on the level of 1-2 Gy, which is sufficient for
triage of exposed individuals before planning further medi-
cal actions. However, there are two crucial requirements to
be fulfilled, in order to obtain reliable results of the EPR
dosimetry. The first is implementation of a proper correction
in analytical procedures accounting for rapid fading of the
dosimetric signal during the first 6-10 days after irradiation.

The second is taking into account potential exposures of the
irradiated glass to light, particularly to the UV component of
sunlight. Depending on the method used for determination
of the dosimetric signal (amplitude or numerical decomposi-
tion), neglecting the light effects can introduce remarkable
over- or underestimation of the reconstructed doses.
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ARTICLEINFO ABETRACT

Eeywords In this shudy, radiation effect on an asthma drg Airfix and its ingredisnts (Montelukast sodium, Sorbitol) were

EPR Dosimetry analyzead by using EPR spectroscopy in the doce range of 10 G330 kGy. The dependence of radiation-induced

Density functional theory (DFT) radicals on irradiation dose, temperature and tme was investigated in detail. It has been determined that the

‘f"ml‘"“;:l radical observed predominantly in the Airfix structure originates from Sarbitol, and the characteristic features of

:tu:m;ukxtmdim this allyl-type radical have been clearly defined uzing both experimental EPE and theoredcal DFT methods.

Sorhitol Dosimetric properties were investigated for all samples and it was suggested that Airfix drug and Sorbitol could
be uzed az an EPR dosimeter through this radical agent which was determined to be very stable and sensitive to
radiation. Mareowver, it has been emphasized that other drugs containing Sorbitol excipient can also be used for
dosimeric purposes in the dose range studied and even irradiadon doses can be detected in case of radiaton
sterilization

Concluzii

4. Conclusions
As a result of this study;

(1) It has been understood that the radiation-induced radical
observed predominantly in the Airfix drug originates from the
excipient Sorbitol.

(2) Although a radical is formed in the active ingredient Monte with
the effect of irradiation; It has been determined that it cannot be
used for dosimetric purposes, since the radiation dose depen-
dence of the EPR signal intensity does not fit any function, that is,
the radical concentration does not increase significantly with
radiation.

(3) It has been determined that an alkyl type radical is formed by the
breaking of a hydroxyl group in the structure of the irradiated
Sorbitol molecule. By experimental measurements and ab-initio
calculations, the spectroscopic splitting factor (g) known as the
radical fingerprint, and the hyperfine structure constant (a)
which is proportional to the distribution of the unpaired electron
density on the atoms, were determined. Therefore, the identity of
the radical has been precisely defined and the importance of
using EPR and DFT studies together in radical characterization
has been demonstrated once again.

(4) For the first time, this study showed that the radiation-induced
alkyl-type radical in Sorbitol has a linear dose dependence over
awide dose range (from 10 Gy to 30 kGy). In addition, it has been
determined that this radical can be detected at room temperature
for at least two years with almost the constant signal intensity,
that is, it is quite stable. These valuable results will make an
important contribution to the information presented in the
literature about Sorbitol.

(5) Since the radical formed in Sorbitol is linear sensitive to radiation
and has a very long lifetime (an important requirement for a
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dosimeter), both this molecule itself and the drugs in which it is
an excipient (such as Airfix) can be used reliably as retrospective/
accidental EPR dosimeters (with MDD value 3 + 0.5 Gy). More-
over, whether drugs containing this excipient are sterilized or
not, and if so, the sterilization dose value can be determined by
this radical.

Sorbitol molecule, which is a pharmacologically inactive sub-
stance, is a sugar alcohol that is widely used as a sweetener or
humectant in the pharmaceutical, cosmetic and food industries.
For this reason, it is thought to be important to recommend this
molecule as a retrospective /accidental EPR dosimeter in cases of
unwanted radiation exposure in all areas where nuclear appli-
cations (research, industrial, medical, forensic, energy, nuclear
weapons, etc.) are made.

(6

—
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Abstract
Radicals in ammonium tartrate at 295 K by X-radiation: Revised radical T
structures by EMR and DFT analyses
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ARTICLEINFO ABSTRACT
Keywords: The simple amino acid I-a-alanine (alo]) in polyerystalline form was among the frst substances to be proposed and
m!fmmﬁﬂ razonance subsequently developed for Electron Paramagnetic Resonance (EPR)-bazed rolid state radiation dosimetry. One
wmm Fesnnance dizadvantage with ala iz a relatively low sensitivity for doses below a few gray (Gy) which is a dose range of
.memnm:: fical particular interest in medical, acrident and environmental applications. A mumber of other compounds have been
Jomiz: - i u.:m sereened and some of these have shown a better zensitivity to radiation exposure than ala, in some cases up to a
EPR dogimetry factor of 7-8. In pardeular ammonium tartrate (AT) and lithium formate (LiFo) have been taken into practieal
Peziodic DFT use. The present work was nidally aimed to investgare the low-temperature radical products in AT, and the

reactions leading to the product of desimetrie interest at room temperamure. Az a part of these smdies, the
previously characterized major room emperamre radical product was re-investigated using single erystal alec-
tron magnetic resonance (EMB) rechniques combined with periodic density fimetional theory (DFT) -type
quantum chemical caleulations. Surprisingly, thiz soudy showed that the molecular structure of the dominant
radical at room temperature iz somewhat different from that previously proposed. Furthermore, a second room
temperature radical, previously not well characterized, was carefully investigated and three hyperfine coupling
tensors were determined. These three tensors were sufficient to simulate all experimental obsarvations for the
second radical but not alone sufficient to permit an unambiguous molecular soucture of the defect o be
determined. It appears that the EPE. rezonance from thiz radical does not influence the dosimeiric potential of AT.
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Concluzii

4, Conclusions

In the present work the room temperature radical formation in di-
ammonium tartrate crystals has been reinvestigated using EPR,
ENDOR, EIE and DFT methods. It has been shown that the dominant
radieal {R1) of dosimetric interest is a species formed by a net H-
abstraction from the C3 carbon atom of the tartrate backbone. This
reassignment of the radical structure as compared to previous analyses

: ., 1996} has no influence on the use of AT as a radiation
dosimeter. It hﬂm further been demonstrated that a second radical (R2) is
stabilized at room temperature. Even if the experimental data for this
species are comprehensive, a definitive structural assignment could not
be made. The major proton coupling characterizing radical R2 {i.e. the
largest doublet splitting) is sufficiently large for the resonance spectrum
of this defect not to overlap the major resonance used for dosimetry
purposes to any significant degree Preliminary low temperature mea-
surements indicate that a protonated anion radical and a decarboxylated
cation radical are the most prominent primary radicals formed.
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