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Purpose:
The single-bone tissue model commonly used in radiation therapy may be over
simplified. Experimentsand simulations haveshown that in mega-voltage x-ray dose
computationthis modelcancauseerrorsof up to 10%. In thekilo-voltagerange a much
higher error is expected because of the larger variation of the mass attenuation
coefficientsof different bonetissues. This error could producesignificant errors in dose
computationandpotentially resultin noticeablebiological effect. A moreeffective bone
modelis thereforeneeded.

Method and Materials:
A model containingmultiple bonecompositions can be formulated to more accurately
representthe distribution of attenuationsfound in vivo. Basedon the observation that
bonecalcium andphosphorus contents arestronglycorrelated with the bonedensity, we
proposea methodologyin which the interpolated compositions of these 2 elementsand
the averaged compositionsof other 10 major elementsare assignedto a model bone
based on its density. A series of 24 model bones was generatedthat covers the bone
densityrange1.1 to 2 gram/cm3. The error of primary photontotal energyreleased per
unit mass(terma) was used to evaluate the models. Photon-tissue interaction cross-
sectionsare calculated and Monte Carlo simulation was performed to estimate the dose
deposition error.

Results:
In the kilo-voltage range, if a boneis assignedwith the correct density but an inaccurate
composition, the terma error by the single-bone model can reach 25%. The 24-bone
model reduces this error to below 0.5%. A simulationshowsthat in a 120 kVp x-ray
radiationto a mousebrain, theskull dosepredictedby thesingle-bonemodel canbe2.13
timesthat by the24-bone model.

Conclusion:
A multiple-bonemodel is proposed. Useof this model should significantlyimprove dose
computationaccuracy,especially in kilo-voltagex-rayspectrumrange.


