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Purpose:

To test andapplya scintil lation-basedmethodto directly observeprotonresidualrangeandrangevariation in a dynamicbiological
lung phantom.

Method and Materials:

Thedynamic biological lung phantomusinga preservedswinelunghaspreviouslybeencomparedto humanlung and evaluatedasan
experimentalplatform for IGRT studies. Fiducialmarkersanda 5 cc artifici al tumorwere placedin thelung, andthephantom was
imaged on a GE LightspeedCT in 4D modebeforeandafterseedand“tumor” implantation. Theresulting10-phaseDICOM datasets
wereevaluatedin termsof anterior-posterior (AP) water-equivalentpathlength (WEL) variationthroughouttheventilatorycycle. The
preservedswinelung wasirradiatedin theAP direction with a 170 MeV proton beamthrougha 1 cm x 10 cm slit aperture. Proton
residual rangeandrangevariation were directlyobservedusinga custom-built lucite chamberfi lled with scintillating fluid, monitored
duringirradiation by a videocamera. Imageswere thenanalyzedusingImageJto determineresidualprotonrange.

Results:

WEL analysison theimagedlungsuggestsa rangeof lung WEL valuesbetween8 and 25 mm (average~16mm). Peakcalculated
WEL differenceat thetumormargin after implantation during ventilatory motion wasapproximately5mm. Irradiationof thephantom
demonstratedregional rangevariationacrossthe lung on theorderof 13 mm, with total WEL valuesequivalentto calculatedvalues.
Residualrangevariationdue to ventilatory motion waslesssignificant,at somepointson theorderof ±2.4mm.

Conclusion:

Thedynamic biological lung phantomin conjunctionwith thescintillation chamberhasbeenshownto bea simple, inexpensive, and
effective tool for themeasurement of protonresidualrangeandsignificantresidualrangevariation in a complexbiological system.


