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Abstract

Background: Reconstructive surgery demands precise assessment of tissue
viability and perfusion dynamics to enhance perioperative decision-making
and reduce complications. [1-3] Traditional clinical assessment remains
largely subjective, relying on visual inspection and tactile examination.
Biophotonics offers transformative potential for real-time, non-invasive tissue
characterization during reconstructive procedures.[4-6]

Current Technologies: Established biophotonic modalities enable real-time
assessment of tissue perfusion, oxygenation, and wound characteristics.
Laser Doppler imaging (LDI) improves burn depth evaluation with 96%
specificity.[1-3] Near-infrared fluorescence (NIRF) imaging is widely applied
for flap angiography, lymphatic mapping, and perfusion assessment, reducing
complications by 40-70%.[5-7] Fluorescence imaging tools like MolecuLight
detect bacterial burden with 100% positive predictive value, guiding wound
management.[8-10] Near-infrared spectroscopy (NIRS) offers continuous
hemodynamic monitoring and early burn severity differentiation.[11-13]
Hyperspectral imaging (HSI) and spatial frequency domain imaging (SFDI)
provide non-contact mapping of tissue oxygenation with 85% diagnostic
accuracy.[14-18] Advanced systems integrating fluorescence lifetime imaging
with interferometric NIRS further improve burn characterization by combining
biochemical and optical measurements.[19-20]

Emerging Technologies: Next-generation platforms including interventional
fluorescence lifetime imaging (iFLIM) and interferometric diffuse optical
spectroscopy (iDOS) are advancing toward real-time biochemical and
hemodynamic tissue assessment.[21-23] Al-enhanced optical imaging
frameworks are being designed to automate tissue characterization, integrate
multimodal data, and support predictive modeling of tissue viability.[21-26]
Photoacoustic imaging enables preoperative visualization of subcutaneous
vascular anatomy for flap planning.[27-30] Wireless implantable
optoelectronic devices provide continuous tissue oximetry monitoring.[31-33]




Translation Challenges: Despite enormous promise, clinical translation of
advanced biophotonic platforms—including nanostructure-based sensors,
super-resolution imaging, and miniature implantable devices—is slowed by
biocompatibility concerns, fabrication challenges, and workflow integration
difficulties.[18, 27-28,31-36] These technologies remain largely confined to
research settings due to absence of standardized protocols and clinician-
centered design.[18-19,27-28]

Conclusion: Bridging the translation gap requires interdisciplinary
collaboration uniting surgeons and scientists to co-design clinically practical
tools, validate them in translational models, and leverage Al-driven platforms
for real-time interpretation. [6,22,37] Adopting multimodal approaches
integrating complementary optical technologies will be essential for
developing robust, surgeon-ready systems that meaningfully improve
outcomes in reconstructive and burn surgery.[18-20,37]
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