Conformal Scintillator Array Imaging Allows for Dynamic 2D In Vivo Dosimetry of Wide-Area and High-Gradient Fields
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Purpose and Objective —scintillator array solution to dynamic IVD Clinical Translation — Scintillator array used to monitor contralateral breast dose in vivo

On-patient dosimeters assist in clinical decision-making by measuring surface dose, but single-point

breast radiotherapy, steep dose gradients and complex surface contours can increase contralateral breast
dose and, consequently, increase the risk of secondary malignancy. This work introduces a 2.5D
surface dosimetry technique using a wide-area deformable scintillator array combined with

measurements cannot monitor area-wide distributions and are misleading in high-gradient regions. In rietd 2 g, Fleld3 V\ Fleld 4 N Fleld 5 6 ~ Fieldé
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Performance Analysis — Dose Linearity, Angular Characterization, Beam Impact

Current standard-of-care treatments leverage angular variation during delivery to optimize dose target coverage. Surface
dosimetry has been shown to display significant dependence on irradiation angle, with up to 50% variation in emission
" : compared to en-face delivery. Optical dosimeters exhibit additional dependence of emission intensity with angle to the
//\ Imaging plane. This work presents extensive characterization of scintillation emission variation with gantry angle

. . . L . £ and camera angle, linearity with dose, repetition rate, and build-up effect on the beam delivery.
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Figure 1: (a) Dual-stereovision system setup mounted adjacent to clinical Cherenkov camera. (b) A detailed view N % E
of the scintillator array on an anthropomorphic phantom. (c) A diagram of the imaging setup is highlighted and E =
sample image outputs from the stereovision modules (d-e) and Cherenkov camera (f-g) are shown. ’Zo' % 1r Cnoar Fit .
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Results

Scintillator intensity demonstrated linearity with dose (R2>0.999), remained within 5% for varying pulse repetition rates, and maintained minimal response deviation up to a camera
angle of 50°. Stereovision positioning localized the 3D target surface in patient coordinates with 0.5mm accuracy. The system resolved continuous dose gradients up to 150cGy/cm
at the field edge and captured real-time in vivo surface dose distributions during treatment revealing contralateral breast dose ranging from 230 cGy to 40 cGy. Across all deliveries,
central TLDs agreed within 1% (1.5 cGy) of the interpolated dose map. Edge TLD deviations were higher due to extrapolation but still agreed within 20 cGy and 2 mm.
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