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Introduction: motivation

Typical 
eye lens dosemeter

https://awst.mirion.com/leistungen-
produkte/teilkorperdosimetrie/augenlinsendosimeter/

https://www.klinikum-lueneburg.de/diagnostische-und-interventionelle-
radiologie/interventionelle-radiologie/

but
… typical irradiation geometry: 

oblique from bottom

radial rotation                                     vs.                                                polar rotation
The same conventional quantity (true) value?

In other words: the same conversion coefficient for Hp(3) for radial and polar rotation?

Photograph: PTB, Khanbabaee

usual type test 
geometry

➔ additional type test geometry: 
oblique from bottom

Photograph: PTB, Khanbabaee

Eye lens dosemeters for Hp(3)
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Personal dose equivalent at a depth of 3 mm in the person 
at the point where the dosemeter is worn, Hp(3)

➢ Conservative: Hp(3) ≥ Hlens (homogeneous field) 

➢ 3 mm is the approximate depth of the eye lens

Eye lens dosemeter
worn at representative position

Accordingly:

Hp(10) ≥ E         Hp(0.07) ≥ Hlocal skin

Definition of Hp(3)
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For calibration at a depth of 3 mm in a cylinder phantom
made of ICRU 4-element tissue, Hp(3)

➢ Conservative: Hp(3) ≥ Hlens (homogeneous field) 

➢ 3 mm is the approximate depth of the eye lens

Definition of Hp(3) – for calibration

at 3 mm 
depth

Eye lens dose          
represented at 3 mm depth

Accordingly:

Hp(10) ≥ E         Hp(0.07) ≥ Hlocal skin
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Calibration on a waterfilled PMMA cylinder phantom
to mimic the backscatter of a person:
Hp(3)

Calibration in Hp(3)

Eye lens dosemeter
on appropriate phantom

Accordingly:

Hp(10) Hp(0.07)
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For calibration at a depth of 3 mm in a cylinder phantom
made of ICRU 4-element tissue, Hp(3)

Calculation

Definition of Hp(3) – for calibrationCalculation of Hp(3) – for calibration: photons

at 3 mm 
depth

Eye lens dose          
represented at 3 mm depth

➔ radial rotation calculated simultaneously

homogeneous 
radiation field 
(mono-energetic photons)

0° polar
= 0° radial
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For calibration at a depth of 3 mm in a cylinder phantom
made of ICRU 4-element tissue, Hp(3)

Calculation

Definition of Hp(3) – for calibrationCalculation of Hp(3) – for calibration

at 3 mm 
depth

Eye lens dose          
represented at 3 mm depth

Scoring volumes (2x2x0.02 mm³) 
at 0.07 mm and 3 mm depth

at 0°, ±15°, ±30°, … ±90°, … 180°

homogeneous 
radiation field 
(mono-energetic photons) ➔ radial rotation calculated simultaneously

: photons
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For calibration at a depth of 3 mm in a cylinder phantom
made of ICRU 4-element tissue, Hp(3)

Calculation

Definition of Hp(3) – for calibrationCalculation of Hp(3) – for calibration: photons

at 3 mm 
depth

Eye lens dose          
represented at 3 mm depth

➔ radial rotation calculated simultaneously

homogeneous 
radiation field 
(mono-energetic photons)

0° polar
= 0° radial
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Definition of Hp(3) – for calibrationCalculation of Hp(3) – for calibration: photons

at 3 mm 
depth

Eye lens dose          
represented at 3 mm depth

➔ polar rotation calculated separately

For calibration at a depth of 3 mm in a cylinder phantom
made of ICRU 4-element tissue, Hp(3)

Calculation

30° polar:
0°, 15°, 30°, … 90°

homogeneous 
radiation field 
(mono-energetic photons)
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Results: photons, Hp(3) ― validation: ORAMED mean(PENELOPE;MCNP5)Results: photons, Hp(3)
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Results: photons, Hp(3) ― validation: EGSnrc 
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Results: photons, Hp(3) ― validation: ratio: EGSnrc/ORAMED 

Ratio:
EGSnrc 

mean(PENELOPE;MNCN5)

Cross section variability 

Validation✓

https://eurados.sckcen.be/en/documents-publications/reports-documents#anchor-2012
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Significant (diff. 
> 2 %) below 
500 keV at 75°!
25 keV at 60°!
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Results: pathlengths, Hp(3) ― radial vs. polar

75° radial
➔ 9.8 mm

75° polar
➔ 11.6 mm

90° radial
➔ 24.3 mm

90° polar
➔ 100 mm

0° radial
➔ 3.00 mm

0° polar
➔ 3.00 mm

Cylinder:
view from top

Cylinder:
view from side

60° radial
➔ 5.75 mm

60° radial
➔ 6.00 mm

Significant (diff. 
> 2 %) below 
500 keV at 75°!
25 keV at 60°!

hpK(3;)radial > hpK(3;)polar

due to shorter pathlength
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