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Where are the most important doses for medical staff ?

Diagnostic ? External Radiotherapy ? Surgery ? Brachytherapy XNuclear Medicine ?

Diagnostic + Surgery surgery + brachytherapy

Medical staff must stay
around the patient during exposure,
and In the scattered radiations
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History : 1916 Claudius Regaud

Marie and Irene Curie

@ Le Pr Claudius
Regaud dans son
laboratoire de Institut

du radium, vers 1‘34'“‘2‘ o

journal de Pinstitut curie R N e
) Laboratoire National
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History : 1916 Claudius Regaud

Marie and Irene Curie In Bouleuse (Marne) close to Reims

) ) Groupement de services chirurgicaux et scientifiques
20 « petite curie »

For surgery as close as
Possible of the battle field

Photos journal de Iinstitut curie Henri Becquerel
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The surgeon at the level of the hip of the patient

Cef) Laboratoire National
Henri Becquerel

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




70 kV, 640 mA, 100 ms, 4.5 mm Al + 0.2 mm Cu

Top view
Surgeon

Side view
- Surgeon

Patient 17x17 cm?

generator ]
e i :
32.5cm : Laboratoire National
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A real geometry is usualy not necessary,

Elements could be withdrawn

> Table is considered as being
transparent to X rays

> Image intensifier does not scatter significantly X Rays

This leads to a simplified geometry for calibration
purposes

BUT this geometry must be validated

(experiments and computations) ey Labraore Natona

Henri Becquerel
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Principle of the simplified geometry for calibration

Surgeon phantom
ISO Slab phantom Top view

30x30X15cm3

Side view

Patient phantom ;
Water or TE lungor... _ JE Dosemeter 7"{

17x17 cm?
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Principle of the simplified geometry
for computing a reference value in terms of H2(10)

Side view Top view
10

Surgeon phantom
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Principle of the simplified geometry
for computing a reference value in terms of H:.:“O) through Fluence and K:

Top view

Calibration point

(free in air)

Patient phantom
Water or TE lung or ...

32.5cm

generator Lead shield

i
: /O\ . Square collimator i Laboratoire National
4 Henri Becquerel
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Principle of the simplified geometry
for computing a reference value in terms of H:.:“O) through Fluence and K:

Calibration point
(free in air)
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Differences a REAL and a REALISTIC configurations

Goals for a realistic configuration :

> To increase the dose equivalent rate at the calibration point

» To use a beam as parallel as possible (to comply H (10,0

Principle of the

Side view

Patient phantom
Water or TE lung or ...

generator
ol
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simplified geometry

Top view

Calibration point
(free in air)

Sq uare collimator [ Laboratoire National
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Principle of the simplified geometry

. . Top view
Side view

Calibration point

(free in air)
Patient phantom
Water or TE lung or ...

32.5cm

generator Lead shield

| : H
Sq uare collimator i Laboratoire National
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Water phantom for the patient

ISO slab 30 x 30 x 15 cm?

Water
Phantom
Patient
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Water
Phantom
Patient

Calib. H +67,5cm
Calib. H +47,5cm
X Calib. H +27,5cm
® Calib.H +7,5¢cm
+ Calib.H +0cm
-Calib.H -7,5cm
Calib. H -27,5cm
Calib.H -47,5cm

Calib.H -67,5cm
Hip +67,5cm
Hip + 47,5 cm

Hip + 27,5 cm (Chest)
Hip +7,5 cm (Belt)
Hip +0cm

= Hip -7,5cm
Hip -27,5cm
Hip -47,5cm
Hip -67,5cm

initial
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Patient water phantom MCNP 5
with (red) and without (black) lead shield  ~—

At the calibration point H=0 cm

Water
Phantom
Patient

Initial spectrum
— Y

Lead collimator

K with pb / K without pb = 1.06
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Water
Phantom
Patient

Calib.H +0cm
mHip H +47,5cm
AHip H +0cm

initial

Pt Calib. H= 0 cm
Hip H= 47.5cm

41.6 keV

45.1 keV 42.8 keV
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Patient lung phantom MCNP 5
Without lead shield

—Calib. H +47,5cm
—cCalib. H +27,5cm

Patient lung phantom MCNP 5
With lead shield

Calib. H +0cm

Hip H +47,5cm

Hip H +27,5cm (Chest)
Hip H +7,5 cm (Belt)
Hip H +0cm

initial

Patient lung phantom MCNP 5
With lead shield

——Calib.H +7,5¢cm
—Calib.H +0cm

X

Hip H +475cm

Hip H +27,5cm (Chest)
Hip H +7,5cm (Belt)
Hip H +0cm

initial

Calib.H +0cm
sHip H +47,5cm
AHip H+0cm

initial

From hip to calib. Point X 33
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Multiple scatterin

i Surgeon phantom
Patient phantom : Iso Water slab

ISO Water slab !
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E-6 photons /history
’ \ Albedo + ping-pong = 1.40
With « surgeon » : 15.55 E-6 photons / history

Without « surgeon » o b I Y/

Ping-pong = 1.0003
With « surgeon » and : 1113 E-6 photons /history —

C@:i Laboratoire National

e
d Henri Becquerel
e Design of a realistic calibration field for diagnostic radiology (medical staff dosimetry) LNE-LNHB

Comparison patient phantom at the point of calibration

Patient lung phantom
Patient water phantom
With lead shield

2.17 (Calculation)

T(: (('::3)) /\4 Initial spectrum

2.21 (measure IC) /

lconp AR
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Experimental validation of the calculation results.

Measurement of the fluence distribution.

(Detection efficiency of CdTe in the range between 10 to 60 keV is 100%)

Patient phantom CdTe
Water or TE lung or . /

[ ] Calib.

Square collimator |\
Xrays — o Lead shield

generator

Slde VieW Ce:J Labora}oire National
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Water Water patient phantom, CdTe measurements

Phantom
Patient

Calib H = 0 cm with lead shield
—Position 1
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Water patient phantom, Comparison CdTe measurements vs calculation

Water
Phantom

measurement
Patient

_. . B Calculation
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Water
Phantom

measurement
Patient

. : H Calculation
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Brass

Hole 5 or 2 mm W2 mm
Hole 1 mm diam.

Collimator Spectrometer
For high flux
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Measurement and calculation with collimator

TE lung
Phantom
Patient

— Measurement
= Caculation
— Initial

Bad statistic
But
good agreement
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TE lung
Phantom
Patient

H calculation

measurement

Bad statistic
But

good agreement
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TE lung
Phantom
Patient

B calculation

measurement

Bad statistic
But

good agreement

Validation of the shape of the spectrum
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Measurements of K_ ;: lon chamber (30 cc cyl. PTW T™ 23361)

1st step 2sd step
Calibration against Measurement at
primary standard the calibration Pt
Free air ) )
ion chamber Calibration of K (scat)=M N,

Measure of K the cavity ion
a
1.49 mGy (64 mAs, 70 KV) chamber, N,

TS
& Square

X rays .
y collimator

generator
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Results at the calibration point

with the water patient phantom and the lead shield

X 10-6 (pGy /histor?' f)r pSy /history) 5 6 T8 Penelope 2006
Standard deviation (k=1) (~Fo)

4.64 4.40 4.42 3.21 uGy (64

0.2%) | (0.3%) | (1.2%) s, 100ms

4.87 (2.6%
4.29 438 4.35 (.6%) 70 kV)

MCNP5 — lib 04 (020/0) (020/0) (070/()) 1.5 %

1C

MCNP4C — lib 02

6.97 6.31 6.33
02%) | 0.6%) | (3.0%)

644 | 623 6.16
0.2%) | 0.4%) | (1.9%)

Hﬁ(lo)/Ka 1.50 1.44 1.43 1.39

MCNP4C — lib 02
6.77 (0.54%)

MCNP5 — lib 04

ISO 4037 (0°) : N60 (1.65) ; 170 (1.87)
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Results at the calibration point

with the TE lung patient phantom and the lead shield

X 10-6 (pGy /histoty or pSy /history)
Standard deviation (k=1)

F5 F6 *F8 IC

MENPS=1b 041 105 | 01%) | (©05%) 1.5%

13.9 13.7 13.5
0.1%) | 03%) | (1.3%)

H,(1 0)/K, 1.49 1.44 1.41

MCNP5 — lib 04

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

m A realistic calibration facility for scattered
radiation 1n medical surgery has been defined

m The scattering material can be any TE material

m The modeling studies allow to compute the
conversion coef from K, to H (10) (# ISO 4037)

m The reference values of K are measured

m This facility was used for a comparison ot APD
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