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The study concerns
retrospective ex-vivo
dosimetry of ionizing
radiation using Electron
Paramagnetic Resonance
(EPR).
EPR dosimetry is based on ex
vivo detection of radicals
generated by ionizing
radiation such tissues as tooth
enamel and bone.

The spectra of
irradiated bones
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 symmetrical component, the origin of which

is assigned to the bone’s organic content
BG.

 dosimetric asymmetric component

assigned to CO2- radicals generated in
hydroxyapatite RIS.

Aim of the study
o Comparison the radiation

doses absorbed in bone by
oncology patients during
radiotherapy treatments
measured by EPR method to
those calculated by
radiotherapy treatment
planning systems (TPS).

Electron Paramagnetic Resonance (EPR)
o EPR measurements were

performed with Bruker EMX
6/1in X-band (9–10 GHz),
o quartz tubes with 4mm in inner

diameter were used for
measurements,
o 10 scans,
o 5 mW microwave power was

used,
o 0,3 mT modulation amplitude,
o 40,96 ms time constant,
o 40,96 ms conversion time.

Materials
o The bone samples were

obtained from three
patients, treated in
different radiotherapy
facilities in Poland.
o The pieces of bone were
from maxilla or mandible.
o The measured samples had
a shape of an elongated
cuboids having about 3 mm
thickness and 17, 12 and
14 mm length.

Samples
Patient

The excisions of the samples The area of removed bone
after radiotherapy treatment
samples

Patient No 1

3 months

left upper quadrant of maxilla

Patient No 2

6 months

the area of 3rd and 4th tooth of
the mandible

Patient No 3

6 years

the area 4th and 6th tooth of
mandible

Sample preparation
 The samples were obtained during a surgical treatments of the patients






performed due to medical indications.
The samples were from areas of teeth extracted due to necrosis of the
irradiated tissues adjacent to a tumor.
After surgery the bone fragments were kept in refrigerator in 70%
ethanol.
The samples were cut from larger bone fragments using a rotational
diamond saw and washed several times with 70% ethanol and distilled
water.
Before each series of EPR measurements the samples were dried under
vacuum for 24 hours.

Re - Irradiations
 The bone samples were re - irradiated in wet conditions.
 To ensure electron equilibrium conditions, the tubes were covered by

1.5 cm thick slab of water equivalent gel and placed on a 5 cm layer of
water equivalent gel.
 The calibration dose was 100 Gy and was delivered at 2 Gy/min with 6

MVp X-rays in a single irradiation session using Clinac 2300 in the
Department of Oncology and Radiotherapy at Medical University of
Gdansk.
 After re-irradiation the samples were dried under vacuum.
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Doses reconstructed by
EPR dosimetry vs TPS doses.
Patient

EPR - Reconstructed
TPS-planned doses [Gy]
doses [Gy]

Patient No 1

45.6 (1.6)

45 (1.8)

Patient No 2

28 (1.0)

28.7 (1.2)
Radiation Sensitivity

Patient No 3

100%
61.4 (2.3)

70 (2.8)
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Conclusion
 The results of EPR dosimetry showed a concurrence of the

reconstructed doses with those planned by radiotherapy treatment
plans for the Patient No 1 and 2.
 The dose measured for Patient No 3 was significantly (14 %) lower than

the one planned by TPS.
 With regard to intensity of the induced dosimetric signal irradiations of

samples immersed in water well simulates in- vivo conditions.

Conclusion
 Individual variability of radiation sensitivity between the three examined

bones samples was about 6%, what indicates a need for individual
calibration of the samples for accurate retrospective dosimetry.
 Reconstruction of absorbed doses with the EPR biodosimetry at the

dose level of several tens of greys could be determined with the
accuracy of 1-2 Gy.
 It proofs applicability of EPR dosimetry in bone in accidental dosimetry

as well as for ex post measurements of radiotherapy doses.
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