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Overview

1. Radical in Enamel of Teeth induced by ionizing radiation
2. Overview of In-vivo ESR dosimeter
3. Application of In-vivo ESR dosimetry method
4. 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 

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

RTR=Radiation triage, treat and transport center; AC=assembly center; MC= medical center



Radical detection by EPR spectroscopy

Radicals in human teeth

- 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



Radicals in human teeth

- hydroxyapatite(Ca10(PO4)6(OH)2) crystal of Enamel parts is hexagonal microcrystalline structure

- Measuring of Carbon dioxide radical anion (Co2
-) caused by high energy photons or neutrons in

hydroxyapatite(Ca10(PO4)6(OH)2) crystal of enamel parts 

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

Radical detection by EPR spectroscopy



Radical detection by EPR spectroscopy

Radicals in human teeth

- Ionizing 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[Ca10(PO4)6(OH)2

* Carbonate at environmental tissue replace hydroxyl or phosphate

* ionizing radiation converts carbonate impurities into CO2
- radicals

* Background and instrumental methods for ESR Tooth dosimetry  Wilson Shreiber clin-ESR, LLC 2014



Radical detection by EPR spectroscopy

- Small amount of enamel biopsy technique 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 

Biopsy
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Low frequency EPR

~300 MHz ~750 MHz 1-2 GHz ~3 GHz 9-10 GHz

Penetration 

Depth

> 10 cm 6-8 cm 1-1.5 cm 1-3 mm 1 mm

Objects 

studied

Mouse, rat Frequency Mouse, rat 

heart, Teeth

Mouse tail

Topical (skin)

In vitro 

samples 

(~100 uL

vol.)

 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



-

Basic structure of In vitro ESR
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Overview of In vivo ESR Dosimeter
Resonator Placement

L-band(~1GHz) spectroscopy 
effective than X-band

- work with whole teeth in vivo
- less absorbed by water 
- sensitivity loss overcome by 

volume
(10mm vs 1mm : L-band :X-band)

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 No1
4. Z=+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

* 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

* Background and instrumental methods for ESR Tooth dosimetry  Wilson Shreiber clin-ESR, LLC 2014
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Overview of In vivo ESR Dosimeter
EPR Spectra of Teeth

* N15-PDT : N15 – labeled and Perdeuterated Tempone

* Respective Dosimetry Based on Long Lived Free Radicals, 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
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Overview of In vivo ESR Dosimeter
Patient Positioning

* Background and instrumental methods for ESR Tooth dosimetry  Wilson Shreiber clin-ESR, LLC 2014



Application of In vivo ESR dosimetry
- Example of ESR Spectrum 



Application of In vivo ESR dosimetry
- Example of ESR Spectrum 

y = x

y = 0.0503x + 0.0089
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