In Situ Dose Measurements in Brachytherapy and External Beam Radiotherapy Using Scintillation Fiber-Optic Detectors 
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Accurate in vivo verification of radiation dose delivered during brachytherapy and EBRT (External Beam Radiotherapy) remains a major clinical challenge. Conventional detectors based on ionization chambers, semiconductor devices, or thermoluminescent materials are generally unsuitable for real-time in situ dosimetry in brachytherapy due to their size, invasiveness, lack of immediate readout, or sensitivity to electromagnetic interference. Scintillation fiber-optic detectors (FODs) provide a promising alternative by enabling compact, electrically passive, and real-time dose measurements directly at or near the treatment site.
In this report, we present the results of a systematic investigation of scintillation FODs employing Gd₃Al₂Ga₃O₁₂:Ce (GAGG:Ce) garnet and Al₂O₃:C, Al₂O₃:C,Mg sapphire scintillators with different densities (ρ) and effective atomic numbers (Zeff) for in situ dose monitoring in both brachytherapy and external-beam radiotherapy. The delivered dose is registered via the radioluminescence (RL) response of the scintillator and transmitted through a long optical fiber to a compact, high-sensitivity luminescence spectrometer. This fully non-invasive measurement approach allows real-time dose verification without perturbing the radiation field.
Near tissue-equivalent Al₂O₃-based crystals (ρ≈3.9 g/cm³, Zeff≈10.8) and high-density, high-Zeff GAGG:Ce crystals (ρ≈6.6 g/cm³, Zeff≈54.4) were tested under clinical conditions. Phantom experiments were performed during brachytherapy procedures using a ¹⁹²Ir source in the dose range of 0.5–8 Gy. All investigated FODs exhibited stable operation and a close-to-linear correlation between absorbed dose and scintillation signal. The GAGG:Ce-based FOD demonstrated particularly strong RL output and excellent linearity, while Al₂O₃:C and Al₂O₃: C,Mg FODs provided near tissue-equivalent response with good sensitivity and reproducibility.
Beyond phantom studies, the clinical feasibility of scintillation FODs based on GAGG:Ce crystals was demonstrated in real patient measurements during high-dose-rate ¹⁹²Ir brachytherapy procedures. The miniature GAGG:Ce scintillation head introduced in vivo via standard applicators and catheters and positioned in close proximity to the tumor volume. The recorded RL signals enabled real-time tracking of the delivered dose during source dwell movements, showing very good agreement with treatment planning system predictions. Importantly, no adverse effects on patient comfort or treatment workflow were observed, confirming the practical suitability of garnet-based scintillation detectors for routine clinical in situ dosimetry.
In addition, FODs based on GAGG:Ce crystals were successfully applied to in situ dose measurements in EBRT using conventional linear accelerators and a MR-Linac operated with magnetic field 1.5T (MR guided EBRT). Compared to semiconductor detectors, the scintillation FODs showed high measurement homogeneity and accuracy, largely independent of beam direction and magnetic field presence.
These results confirm that scintillation FODs constitute a robust and versatile platform for real-time in situ dosimetry in both brachytherapy and External Beams. The observed differences in scintillation performance provide valuable guidance for selecting optimal crystal materials for specific clinical scenarios and dose requirements.
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