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Introduction

Optical Coherence Tomography (OCT) has emerged as a powerful
imaging technique for non-invasive, high-resolution imaging of biological
tissues and materials. OCT utilizes low-coherence interferometry to capture
depth-resolved images with micrometre-scale resolution, making it invaluable
in medical diagnostics, ophthalmology, and material science. In this article,
we explore how advancements in laser optics have enhanced the imaging
capabilities of OCT, enabling improved resolution, contrast, and depth
penetration. We discuss novel laser sources, optics components, and signal
processing techniques that have propelled OCT to new heights of performance
and versatility has undergone significant advancements in both hardware and
software, leading to improved imaging capabilities and clinical utility. Early OCT
systems utilized broadband light sources such as super luminescent diodes to
achieve high axial resolution. However, limited spectral bandwidth restricted
their imaging depth and sensitivity. The advent of Fourier domain and swept-
source revolutionized OCT imaging by enabling high-speed, high-resolution
imaging with improved signal-to-noise ratio and depth penetration [1].

The choice of light source is critical in OCT imaging, influencing factors
such as resolution, imaging depth, and sensitivity. Recent years have seen the
development of novel laser sources tailored for OCT applications. Broadband
sources, such as mode-locked lasers and supercontinuum sources, offer
ultrashort coherence lengths and broad spectral bandwidths, enabling high-
resolution imaging over extended depth ranges. Swept-source lasers, based
on swept lasers or frequency-swept sources, provide high-speed, tunable
operation, facilitating rapid volumetric imaging and motion artifact reduction [2].

Description

Furthermore, advancements in semiconductor laser technology have
led to compact, low-cost laser sources suitable for portable and handheld
OCT devices. Vertical-cavity surface-emitting lasers and semiconductor
optical amplifiers offer advantages in terms of size, power consumption, and
wavelength tunability, making them ideal candidates for miniaturized OCT
systems for point-of-care diagnostics and in vivo imaging applications. Optical
components play a crucial role in shaping and manipulating the light beam in
OCT systems, influencing imaging performance and quality. High-performance
optical components, such as lenses, mirrors, and beam splitters, are essential
for achieving precise beam focusing, scanning, and detection. Additionally,
advanced optics components, such as achromatic lenses, dispersion
compensators, and polarization controllers, help mitigate optical aberrations
and improve image quality in OCT systems [3].
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Moreover, adaptive optics techniques have been increasingly into
OCT systems to correct aberrations and optimize imaging performance.
Adaptive optics systems use deformable mirrors or spatial light modulators to
dynamically adjust the wavefront of the incident light, compensating for optical
distortions induced by tissue interfaces and sample irregularities. By actively
correcting aberrations in real-time, adaptive optics OCT systems can achieve
diffraction-limited imaging resolution and enhance image contrast, particularly
in deep tissue imaging and retinal imaging applications. In addition to hardware
advancements, signal processing and image analysis techniques play a
crucial role in enhancing the quality and interpretability of OCT images. Image
processing algorithms, such as speckle reduction, motion correction, and
noise suppression, help improve image quality and reduce artifacts caused
by tissue motion and speckle noise. Moreover, advanced signal processing
techniques, such as Fourier domain signal processing and coherence gating,
enable rapid data acquisition and high-speed image reconstruction in FD-OCT
and SS-OCT systems [4].

Furthermore, machine learning and Artificial Intelligence (Al) algorithms
have been increasingly utilized to automate image analysis tasks and extract
clinically relevant information from OCT images. Deep learning models trained
onlarge datasets of OCT images can accurately detect and classify pathological
features, such as retinal lesions, tumours, and vascular abnormalities, aiding
clinicians in diagnosis and treatment planning. Additionally, Al-based image
segmentation algorithms enable precise delineation of tissue layers and
structures, facilitating quantitative analysis and volumetric measurements
in OCT imaging. The enhanced imaging capabilities of OCT, enabled by
advancements in laser optics and image processing, have led to widespread
adoption across various clinical specialties and biomedical research fields. In
ophthalmology, OCT has become an indispensable tool for diagnosing and
managing retinal diseases, glaucoma, and corneal disorders. High-resolution
OCT imaging enables visualization of retinal microstructures, assessment of
macular thickness, and monitoring of disease progression with unparalleled
detail and accuracy [5].

Conclusion

In Conclusion, OCT is utilized for intravascular imaging of coronary
arteries, providing insights into plaque morphology, composition, and
vulnerability. OCT-guided interventions enable precise stent placement,
optimization of Percutaneous Coronary Interventions (PCI), and assessment
of stent apposition and endothelialization. Moreover, OCT imaging of
atherosclerotic plaques offers opportunities for early detection of vulnerable
plaques and prediction of cardiovascular events, aiding in risk stratification and
personalized treatment strategies.
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