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The human body consists of tissue types that have radiological properties that are
different from water.Theseinclude, for example, lung, bone,andoral cavities.Presence
of such tissuetypes and cavities in the treatment fields of high-energy photon beams
creates potential dosimetricproblems. For inhomogeneities with densityless thanthat of
waterelectronic disequilibriumsituations canbesevere. Lateralelectronicdisequilibrium
is present for small field sizes (i.e., 5 cm x 5 cm) andhigh energybeams(i.e., 15 MV) in
a low density inhomogeneity such as lung. Perturbationsat air-tissue interfaces are
complexto measureor calculate due to lack of electronequilibrium. The trend of data
publishedin the literature show that for low densitymedia i) dosegenerallyincreases
beyondthe depth of dosemaximum; ii) build-up and build-down regionsexist within
tissue nearthe low density media-tissueinterfaces; the severityof theseeffects increase
with increasingenergyanddecreasing field size; iii) thepenumbraincreaseswith energy
in the region of low density region. For high densitymedia thedoseis foundto decrease
beyondthedepthof dosemaximum.

Thedosimetriceffectsof theseheterogeneoustissuesbecomeevenmorecomplicatedfor
IMRT beams.This is becausei) smallradiation beamsare inherently diffi cult to measure;
ii) standard ion chambershavedimensionsthat are large compared to the beam and do
not havethe spatial resolutionsthat are needed to resolve the narrow centralregion of
uniform doseandthe sharp dosegradientregionsof the penumbraandiii) the chambers
mayhavea doseratedependence.

The dosimetric impact of the presence of heterogeneoustissuesin megavoltage photon
beamshavebeenaddressedwith varying degreesof successby variousinvestigatorsi)
experimentally by theuseof specially designedionization chambers, film, TLD andother
dosimeters in speciall y constructed phantoms, ii) theoreticall y by the development of
variousdosecalculationalgorithmsand iii) by theuse of MonteCarlo simulation.

Educational Objectives:

Developanappreciationof

1. the challenges involved in accurate dose measurementsin heterogeneous
phantoms

2. the clinical implementation of the resultsof such measurements,various dose
calculation algorithms and/orMonte Carlo simulations to variousdiseasesites
thatinvolve thepresence of varioustypesof heterogeneoustissues. 

 


