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Radiochromic dosimet ygjlms In radiotherapy
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Dosimetric films

radiographic films radiochromic films

acgve silver halides organic com(}::)ounds
substance Monomer PCDA
95% AgBr, 5% AgJ
processing latent image requires chemicalmage visible immediately after
processing (development and exposure, no degradation
fixation)
sensitivity sensitive to visible light not sensitive to the room light
to light (packed in envelopes) (electric bulbs), sensitive to UV

(sun light)

water resistance | gelatine emulsion is water | water resistant
soluble




Kodak Radigraphic films EDR-2
are out of production

New generation of radichromic film
manufactured by GafChronii¢

Cca
EBT 2006
EBT2 2008

EBT3




Gafchromic EBT (External Beam Therapy) films

CLEAR POLYESTER - 97 microns

SURFACE LAYER - 6 microns

CLEAR POLYESTER - 97 microns

Layer COMPOSITION (ATOM%)
C H O N Li Cl Zeff
Active layer (contains about 7.5% water) 250% | 54.2% | 96% | 104% | 0.7% | 0.1% 7.14
Surface layer (contains about 15% water) 225% | 83.3% | 11.1% | 12.7% | 0.2% | 0.2% 6.84
Polyester 455% | 364% | 18.2% | 0.0% | 0.0% | 0.0% 6.64

David F. Lewis, ISP




The active component is sensitive to UV and X raoimt

Original active component : Pentacosa-10,12-diynoic acid (PCDA)

Current active component is lithium pentacosa-10,12-diynoate (LIPCDA)

David F. Lewis, ISP



Microtec (flat bed scanner)

Vidar (drum scanner)



| )
| Light source - fluorescent lamp or cold-cathode lamp | |

e Focusing element I —

Linear CCD amay

CCD Scanner Response: The Effect of Light Scattering in a Film of Uniform Density
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Greyscala Valus

Puosition Across the Film

David F. Lewis, Ph.D., Senior Director, Advanced Materials Group, . L. . .
International Specialty Products, Wayne, NJ (dlewis@ispcorp.com) WWW-f||md|g|t|29r-00m/pr0d UCtS/dOSImetl’ypm/pdfbﬁld?dbd-pdf



Film calibration




Colour separation

9 INTERNATIONAL SPECIALTY PRODUCTS
1361 Alps Road Wayne N1 07470 Tel: 973-628-4000



Light absorption in the film



Scannig of the Gafchromic films



Absorbance growth after exposure

Gafchromic films should be scanned after 3-4 hours!



EBT film orientatior onthe
scanner bed

Scanning orientation effect for EBT film
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All EBT films should be scanned with the same ortenta



Energy dependence
of Gafchromic EBT films



Clinical application in radiotherapy #1

Patient treatment plan verification

MU calculated by the TPS .



Verification plan



Dose distribution calculation



Verification



Isodose comparison



Dose difference



High anc low dose¢ gradient
regions
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gamma formalism

The gamma evaluation concept




gamma index (binary)




gamma index distribution
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Two-dimensional detector matrices

1527 diode detectors 729 ionization chambers

Spaced by 7.07 mm :
1024 diode detectors 0.125 cm*, spacedby 1 cm

The fluence measurements for individual beams
or at individual angle are not sufficient for evalu  ation
of total dose distribution and assuring patient saf ety.



3-dimensional detector matrices

Delta 4

ArcCHECK

A number of electronic systems which allow for a pr e-treatment plan
verification based on reconstruction of the total d ose distributions were
developed recently (Delta4, ArcCHECK, Octavius, Com pass, etc.). The
systems allow for reconstruction of dose distributi ons over a phantom or a
patient computer tomography images based on pre-tre atment measurements
during delivery of planned beams to the electronic detector set. The method
of validation of such systems tested on a Delta4 an  d Archeck devices is

presented here. The method requires an anthropomorp  hic phantom and
dosimetric films.



» The multi detector arrays are useful tools for
radiotherapy dose distribution verification;

 However, they should be validated against a beackm
dosimetry system;

* The radiochromic films in dedicated phantoms

and properly evaluated film scanning systems pi@vi
such a dosimetry benchmark.



Clinical application in radiotherapy #2

Dosimetry of dose distributions in radiotherapy afipnts
with surgical implants

 The investigation was performed in order to comapar
radiotherapy dose distributions in tissues surrougthe
titanium or resorbable implants used clinically flmning
and consolidating of the facial bones.

* Inhomogeneous dose distributions can be a reddbie o
normal tissue complications observed during the
radiotherapy of patients after surgery during wtilud
titanium plates were implanted.

 The knowledge about the distribution of the daseiad
the implants would help to decide whether to preser to
remove the implants before irradiation.



Compact 2-0 Mandible-Lock pure titanium implantgrithes Company) (left)
and

Inion CPS 2-0 resorbable implants composed of LdadiLPLA), D,L-lactide

(DLPLA), Poliglycolide (PGA) and Trimethylene carba@dTMC) polymers



experimental set-up



Dose at depth of 2 cm



Dose at depth 2.5 cm Dose at depth of 2.5 cm
over implants under implants



Results

depth in the phantom

Dose change in presence of

[cm] Titanium implant resorbable implant
2,0 0% 0%

2,5 +9% +2%

25 -8% (+2,5%) +1%

3,0 +1.5% 0.0%

*under the holes, over the implant (proximal), under the implant (distal)




Conclusions

e The titanium plates significantly affect the horeagity of
the dose distribution and create the underdose and
overdose regions.

« Apart of these effects the presence of the tirmnmplants
during the computer tomography examination creies
Image artifacts which may significantly disturb tleget
volume delineation as well as the early detectioihe
recurrent cancer in the tumour bed cavities aftegesyr.

 The resorbable implants affect the homogeneityosid
distributions in significantly lesser degree in thradiated
media and their presence does not generate theimag
artifacts during CT examinations.
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