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Medical staff must stay 
around the patient during exposure,

and In the scattered radiations

Where are the most important doses for medical staff ?

Diagnostic ? External Radiotherapy ? Surgery ? Brachytherapy ? Nuclear Medicine ? 

surgery + brachytherapyDiagnostic + Surgery
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History : 1916

20 « petite curie »

For surgery as close as
Possible of the battle field

Marie and Irene Curie

Claudius Regaud
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History : 1916

20 « petite curie »

For surgery as close as
Possible of the battle field

In Bouleuse (Marne) close to Reims

Groupement de services chirurgicaux et scientifiques

Marie and Irene Curie

Claudius Regaud
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Photos journal de l’institut curie

ExamplesExamples ofof radiologicalradiological surgerysurgery

The surgeon at the level of the hip of the patient 

Heart surgery
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Side view

Top  view

Square collimSquare imator

Patient

X rays
generator

Surgeon
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32.5 cm32

Lead shield

32.5 cm

Surgeon

47.5 cm

15
 c

m

17x17 cm²

70 kV, 640 mA, 100 ms, 4.5 mm Al + 0.2 mm Cu
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This leads to a simplified geometry for calibration This leads to a simplified geometry for calibration 
purposespurposes

BUT  this geometry must be validated BUT  this geometry must be validated 
(experiments and computations)(experiments and computations)

Table is considered as being Table is considered as being 
transparent to X raystransparent to X rays

A real geometry is A real geometry is usualyusualy not necessary, not necessary, 

Elements could be withdrawn Elements could be withdrawn 

Image intensifier does not scatter significantly X RaysImage intensifier does not scatter significantly X Rays

Design of a realistic calibration field for diagnostic radiology (medical staff dosimetry)



Side view Top  view

Square collimator

Patient phantom
Water or TE lung or …

X rays
generator

Surgeon phantom
ISO Slab phantom
30 x 30 X 15 cm3

Principle of the simplified geometry for calibration

45 cm

32.5 cmLead shield

47.5 cm

Dosemeter

15 cm

17x17 cm²
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Side view Top  view

Square collimator

Patient phantom
Water or TE lung or …

X rays
generator

Surgeon phantom
ICRU 4 elements slab

30 x 30 X 15 cm3

Principle of the simplified geometry
for computing a reference value in terms of Hp(10)

45 cm

32.5 cmLead shield

10 mm depth

47.5 cm32.5 cmF6, (*F8) tallies
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Side view Top  view

Square collimator

Patient phantom
Water or TE lung or …

X rays
generator

Calibration point
(free in air) 

Principle of the simplified geometry
for computing a reference value in terms of Hp(10) through Fluence and Ka

45 cm

32.5 cmLead shield

47.5 cm32.5 cm

Design of a realistic calibration field for diagnostic radiology (medical staff dosimetry)

Side view Top  view

Square collimator

Patient phantom
Water or TE lung or …

X rays
generator

Calibration point
(free in air) 

Principle of the simplified geometry
for computing a reference value in terms of Hp(10) through Fluence and Ka

45 cm

32.5 cmLead shield

47.5 cm32.5 cmF2, F4, F5 or F6  tallies

Design of a realistic calibration field for diagnostic radiology (medical staff dosimetry)



Differences a Differences a REALREAL and a and a REALISTICREALISTIC configurationsconfigurations

Goals for a realistic configuration :Goals for a realistic configuration :

To increase the dose equivalent rate at the calibration pointTo increase the dose equivalent rate at the calibration point

To use a beam as parallel as possible (to comply To use a beam as parallel as possible (to comply HHpp(10,(10, ))
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Side view
Top  view

Square collimator

Patient phantom
Water or TE lung or …

X rays
generator

Calibration point

Principle of the MOREMORE simplified geometry

45 cm

32.5 cmLead shield

47.5 cm32.5 cm

(free in air) 
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Side view
Top  view

Square collimator

Patient phantom
Water or TE lung or …

X rays
generator

Calibration point

Principle of the MOREMORE simplified geometry

45 cm

32.5 cmLead shield

47.5 cm32.5 cm

(free in air) 
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Water
Phantom
Patient

H

32.5 cm

WaterWater phantomphantom for the patientfor the patient

ISOISO slabslab 30 x 30 x 15 cm30 x 30 x 15 cm33
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Patient water phantom MCNP 5
with lead shield
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Patient water phantom MCNP 5
with (red) and without (black) lead shield
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Lead colimator

At the calibration point H = 0 cm

Initial spectrum

Lead collimator

Water
Phantom
Patient 32.5 cm

Ka with pb / Ka without pb =  1.06
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Patient water phantom MCNP 5
with lead shield
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Fluence EE meanmean EE wtwt KKaa

PtPt CalibCalib.  H= 0 cm.  H= 0 cm 1.03 E -5 43.7 keV 41.6 keV

Hip H= 47.5cmHip H= 47.5cm 2.79 E -6 45.1 keV 42.8 keV

Hip H= 0 cmHip H= 0 cm 1.99 E-6 43.5 keV 41.4 keV

X 36

Patient lung phantom MCNP 5
With lead shield
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Without lead shield
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Multiple scattering  (ping-pong)

Patient phantom
ISO Water slab

32.5 cm

Surgeon phantom
Iso Water slab

Albedo + ping-pong  = 1.40

Ping-pong = 1.0003

Ping

Pong

Without « surgeon » : 11.12 E-6 photons /history

With « surgeon » : 15.55 E-6 photons / history

With « surgeon » and IMP 0 : 11.13 E-6 photons /history
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Comparison water and TE lung patient phantom at the point of calibration

Patient lung phantom 
Patient water phantom

With lead shield
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Square collimator

Patient phantom
Water or TE lung or …

X rays
generator

CdTe

Lead shield

Side view

Pt 1

Calib.

Experimental validation of the calculation results.Experimental validation of the calculation results.
Measurement of the Measurement of the fluencefluence distribution.distribution.

(Detection efficiency of (Detection efficiency of CdTeCdTe in the range between 10 to 60 in the range between 10 to 60 keVkeV is 100%)is 100%)
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Water, CdTe measurements
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Lung, CdTe measurementsn pt calib.
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Lung, CdTe measurementsn pt calib.
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Water patient phantom, Comparison CdTe measurements vs calculation
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Calculation have to include CdTe spectrometer
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CdTe
3 x 3 mm²
1 mm

Be 0,1mm
W 2 mm

Hole 1 mm diam.

Brass
Hole 5 or 2 mm

Collimator Spectrometer
For high flux
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Lung, CdTe Pt 1
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Lung, CdTe measurementsn pt calib.
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Lung, CdTe measurementsn pt calib.
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Validation of the shape of the spectrum
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Square
collimatorX rays

generator

Free air
ion chamber

Measure of Ka
1.49 mGy (64 mAs, 70 kV)

Measurements of Ka ; Ion chamber (30 cc cyl. PTW TM 23361)

Lead shield

1st step
Calibration against 
primary standard 

2sd step
Measurement at
the calibration Pt

32.5 cm

Calibration of 
the cavity ion 
chamber, NKa

M

refK
N a

Ka

.)(

Kaa NMscatK .)(
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X 10-6 (pGy /history or  pSy /history)
Standard deviation (k=1) F5F5 F6F6 *F8*F8

MCNP4C MCNP4C –– lib 02lib 02 4.644.64
(0.2%)(0.2%)

4.404.40
(0.3%)(0.3%)

4.424.42
(1.2%)(1.2%)

MCNP5MCNP5 –– lib 04lib 04

MCNP4C MCNP4C –– lib 02lib 02

MCNP5MCNP5 –– lib 04lib 04

4.294.29
(0.2%)(0.2%)

4.384.38
(0.2%)(0.2%)

4.354.35
(0.7%)(0.7%)

6.976.97
(0.2%)(0.2%)

6.316.31
(0.6%)(0.6%)

6.336.33
(3.0%)(3.0%)

6.446.44
(0.2%)(0.2%)

6.236.23
(0.4%)(0.4%)

6.166.16
(1.9%)(1.9%)

HHpp(10)/(10)/KKaa 1.501.50 1.441.44 1.431.43

HHpp(10)(10)

KKaa

dEE
K

EK
E

a
a )()(dEE

H
EH

E

slabp
slabp )(

)10(
)()0,10( ,

,

ResultsResults atat the calibration point the calibration point 

withwith the water patient the water patient phantomphantom and the and the leadlead shieldshield

1.391.39

6.77 (0.54%)6.77 (0.54%)

3.213.21 µµGy (64 Gy (64 
mAsmAs, 100ms, , 100ms, 

70 kV)70 kV)
1.5 %1.5 %

4.87 (2.6%)4.87 (2.6%)

ICICPenelope 2006 Penelope 2006 
(~F6)(~F6)

ISO 4037  (0°) : N60 (1.65) ;  L70 (1.87)
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X 10-6 (pGy /history or  pSy /history)
Standard deviation (k=1) F5F5 F6F6 *F8*F8

KKaa MCNP5MCNP5 –– lib 04lib 04 9.319.31
(0.1%)(0.1%)

9.519.51
(0.1%)(0.1%)

9.559.55
(0.5%)(0.5%)

HHpp(10)(10) MCNP5MCNP5 –– lib 04lib 04 13.913.9
(0.1%)(0.1%)

13.713.7
(0.3%)(0.3%)

13.513.5
(1.3%)(1.3%)

HHpp(10)/(10)/KKaa 1.491.49 1.441.44 1.411.41

dEE
K

EK
E

a
a )()(dEE

H
EH

E

slabp
slabp )(

)10(
)()0,10( ,

,

7.087.08 µµGy (64 Gy (64 mAsmAs, 100ms, 70 kV), 100ms, 70 kV)
1.5 %1.5 %

ICIC

ISO 4037  (0°) : N60 (1.65) ;  L70 (1.87)

ResultsResults atat the calibration pointthe calibration point

withwith the TE the TE lunglung patientpatient phantomphantom and the and the leadlead shieldshield
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ConclusionsConclusions

AA realisticrealistic calibrationcalibration facilityfacility forfor scatteredscattered
radiation in radiation in medicalmedical surgerysurgery has been has been defineddefined
TheThe scatteringscattering materialmaterial cancan bebe anyany TETE materialmaterial
TheThe modelingmodeling studiesstudies allowallow toto computecompute thethe
conversionconversion coefcoef fromfrom KKaa toto HHpp(10) ((10) ( ISO 4037)ISO 4037)
TheThe referencereference values of values of KKaa areare measuredmeasured
ThisThis facilityfacility waswas usedused for a for a comparisoncomparison of APDof APD
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