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Radical in Enamel of Teeth induced by ionizing radiation
Overview of In-vivo ESR dosimeter
Application of In-vivo ESR dosimetry method

Future study



Purpose of In vivo ESR Tooth Dosimetry

1. In emergency radiation situation, triage(rapid classification)
of patient into low and high exposure

2. Quantitative assessment of dose across entire plausible
dose range

V Dangerous Fallout Zone (>10 R/h) C) >10 h
3 Dose Rates >10 R/h Dose R: >10 mR/h
p:: Moderats Darmags Zone Can extend 10-20 miles downwind an extend

Shrink:

RTR=Radiation triage, treat and transport center; AC=assembly center; MC= medical center
* Respective Dosimetry Based on Long Lived Free Radicals, Harold Swartz, Geisel Medical School at Darmouth, 2015




~ Radical detection by EPR spectroscopy

Radicals in human teeth
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— Teeth is most stable tissue in human body(No modeling and remodeling in life time)

— Radicals in crystal structure preserved for long time(107 year)
Enamel of teeth composed of 97% hydroxyapatite needle type crystalline and organic tissues

70 ~ 75% Dentine, 60 ~ 70% Compact bone

* Application of Electron Spin Resonance(Motoji Ikeya, Osaka university) 2002




Radical detection by EPR spectroscopy

Radicals in human teeth

Enamel
Crown
Dentine
Pulp
Cementum Root

— hydroxyapatite(Ca,,(PO,)4(OH),) crystal of Enamel parts is hexagonal microcrystalline structure
— Measuring of Carbon dioxide radical anion (Co,~) caused by high energy photons or neutrons in

hydroxyapatite(Ca,,(PO,)s(OH),) crystal of enamel parts

* Application of Electron Spin Resonance(Motoji lkeva, Osaka university) 2002
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Radical detection by EPR spectroscopy

Radicals in human teeth
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— lonizing Radiation induces the creation of radicals in the native calcium hydroxyapatite matrix
Radical concentration is proportional to dose quantity(transferred energy)
In vivo ESR detect the presence of radicals
Radical Production in Hydroxyapatite[Ca,;(PO,)s(OH),
» Carbonate at environmental tissue replace hydroxyl or phosphate

* jonizing radiation converts carbonate impurities into CO,~radicals

* Background and instrumental methods for ESR Tooth dosimetry Wilson Shreiber clin—ESR, LLC 2014
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- Radical detection by EPR spectroscopy
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— Small amount of enamel biopsy technigue a small enamel chip is removed from tooth crown
Teeth restoration using light—cured composite resins rapidly restore small enamel defect
Center : X-band(100 mg), 0.1 Gy, Right : Q-band( 4 mg), 0.1 Gy
Q-band has significantly less amount of the sample required for dose measurement and has

significantly better spectral resolution of dose response

* Electron Paramagnetic Resonance Biodosimetry in Teeth and Fingernails, A. Romanyukha, Naval
Dosimetry Center,8901 Wisconsin Ave., Bethesda, MD, 20889, USA
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~Low frequency EPR

% Biological samples are aqueous and undergo ‘non-resonant’ absorption of
microwave energy and hence poor penetration depth.
The frequency of the instrumentation is reduced to overcome this problem

~300 MHz ~750 MHz ~3 GHz 9-10 GHz
Penetration >10cm 6-8 cm 1-3 mm 1 mm
Depth
Objects Mouse, rat Frequency Mouse tail In vitro
studied Topical (skin) | samples
(~100 uL
vol.)




Basic structure of In vitro ESR
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Figure 2-19 Block diagram of an EPR spectrometer.
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In vivo EPR dosimetry of accidental exposures to
radiation: experimental results indicating the feasibility of
practical use in human subjects

Minoru Miyake, Ke J. Liu, Tadeusz M. Walczak, Harold M. Swartz*

EPR Center for the Study of Viable Biological Systems, 7785 Vail 702, Dartmouth Medical School, Hanover, NH 03755, USA

Abstract

Low frequency electron paramagnetic resonance (EPR) provides the potential advantage of making accurate and
sensitive measurements of absorbed radiation dose in teeth in situ, i.e. without removing the teeth from the potential
victim. The potential limiting factors for making such measurements are: (1) whether low frequency EPR 1is
sufficiently sensitive to detect radiation-induced signal in human teeth; (2) whether sufficient sensitivity can be
maintained under in vivo conditions. In this manuscript, we summarize results indicating that this approach is
feasible. Using 1.2 GHz EPR spectroscopy, we found that the lower limit for these measurements in isolated human
teeth i1s 0.2 Gy or lower. Measurements of radiation-induced EPR signals in the teeth of living rats were achieved
with sufficient sensitivity to indicate that, when taking into consideration the larger mass of human teeth, similar
measurements in human teeth in situ would provide sensitivity in the dose range for potential accidental exposures.
We estimate that the current lower limit for detecting radiation doses in human teeth in situ (in vivo) is 0.5-1.0 Gy;
this would be sufficient for determining if a person has been exposed to potentially life threatening doses of ionizing
radiation. The limiting factor for sensitivity appears to be background signals rather than signal/noise, and there are
feasible means to overcome this problem and further increase sensitivity. The additional instrumental developments
required to make an effective in vivo EPR dosimetric spectrometer for the measurements in teeth in human subjects
in situ, seem quite achievable. @© 2000 Elsevier Science Ltd. All rights reserved.




Fig. 3. The specially designed resonator for use in the mouth of living rats. (a) Ilustration of the twin spiral loop gap resonator
which has 5.0 mm internal diameter; it is a varactor tuned surface coil. (b) Ilustration of the measurement in live rats; the EPR sig-
nal is detected from the upper pair of incisors, under anesthesia.



Fig. 2. Schema of the measurements in human teeth. The intensity was normalized to the unit area of enamel surrounded by the
loop resonator.
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Fig. 4. Radiation-induced signal of the same sample measured by EPR at two frequencies. The sample was a pair of isolated rat
teeth, 90.3 mg dry weight and irradiated with 40 Gy.



EPR signal from the living rats Dose-response relationship
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Fig. 9. In vivo EPR spectra in living rats using the specially designed resonator. Each point is based on the average from two rats.
Parameters include: scan range 20 G, time constant (0.1 s, scan tme 40 s, modulation amp. 1.6 G, 30 sweeps.



Overview of In vivo ESR Dosimeter
Resonator Placement

L-band(~1GHz) spectroscopy |
effective than X-band ;
— work with whole teeth in vivo S
— |less absorbed by water "]
— sensitivity loss overcome by
volume o
(10mm vs 1Tmm : L-band :X-band) ® ezt

Flt:.: 1, Respesae af the loop rewsaior wity DFFH posder semple placed ar different pesitions nombered | 85 5 (wee e amall
rectangle) W, expesisnenml dus for site 1) O, exgerimensd dats fof sites 3 and §

1. SITE No 1(opposite to the wave guide) : Most Sensitive

2. Distance along z—axies : z= 5mm :strong z=0 mm: weak

3. 1mm outside athena : 7% of SITE Nof1

4. /=+5 mm or -5 mm almost same, outside decrease
(0.20,0.26,0.30,0.25,0.33) signal shape not change.
g=2.0036



~ Overview of In vivo ESR Dosimeter
Resonator Placement
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~ Overview of In vivo ESR Dosimeter
Resonator Placement
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*+ Background and instrumental methods for ESR Tooth dosimetry Wilson Shreiber clin—ESR, LLC 2014




Overview of In vivo ESR Dosimeter
Resonator Placement
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* Background and instrumental methods for ESR Tooth dosimetry Wilson Shreiber clin—ESR, LLC 2014




~ QOverview of In vivo ESR Dosimeter
Resonator Placement
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* Background and instrumental methods for ESR Tooth dosimetry Wilson Shreiber clin—ESR, LLC 2014




Radiation Induced Signal (RIS)
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Overview of In vivo ESR Dosimeter
EPR Spectra of Teeth
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B — Magnetic Field [Gauss]

Vpp — Peak-to-peak Voltage [Arb.]
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* N15—-POT : N'® — labeled and Perdeuterated Tempone

* Respective Dosimetry Based on Long Lived Free Radjcals, Harold Swartz, Geisel Medical School at Darmouth, 2015




Overview of In vivo ESR Dosimeter

* Background and instrumental methods for ESR Tooth dosimetry Wilson Shreiber clin—ESR, LLC 2014
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Overview of In vivo ESR Dosimeter
Resonator Placement
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Overview of In vivo ESR Dosimeter
Resonator Placement




~ Overview of In vivo ESR Dosimeter
Patient Positioning

* Background and instrumental methods for ESR Tooth dosimetry Wilson Shreiber clin—ESR, LLC 2014
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Application of In vivo ESR dosimetry
- Example of ESR Spectrum




Application of In vivo ESR dosimetry

- Example of ESR Spectrum
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