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Abstract: Photoacoustic imaging (PAI) is a cutting-edge biomedical imaging modality, providing
detailed anatomical and functional information about the area beneath the skin surface. Its light
energy deposition is such that PAI typically provides clear images of the skin with high signal-to-noise
ratios. Specifically, the rich optical contrast of PAI allows biological information related to lesion
growth, malignancy, treatment response, and prognosis to be seen. Given its significant advantages
and emerging role in imaging skin lesions, we summarize and comment on representative studies
of skin PAI, such as the guidance of skin cancer biopsies and surgical excisions, and the accurate
diagnosis of psoriasis. We conclude with our insights about the clinical significance of skin PAI,
showing how its use to identify biological characteristics in lesion microenvironments allows early
diagnosis and prognosis of disease.

Keywords: photoacoustic imaging; skin cancer; psoriasis; diagnosis; treatment guidance

1. Introduction

Skin diseases are complex and widespread. They include inflammatory, infectious,
autoimmune, neoplastic, and genetic skin diseases with different origins, symptoms, and
severity. As a consequence, accurate diagnosis is essential to achieve effective treatment
with appropriate patient management. Misdiagnosis may lead to ineffective therapy, unnec-
essary side effects, or erroneous treatment. Accordingly, a high-resolution, informative, and
safe imaging modality is preferred to provide accurate diagnosis and treatment feedback
for improved patient management [1].

Accurate skin disease diagnosis and treatment assessment require sensitive imag-
ing of the lesion’s anatomical and pathological information with high spatiotemporal
resolution. Multiple imaging modalities have been developed for such goals, including
dermoscopy [2,3], confocal microscopy [4,5], optical coherence tomography (OCT) [6,7],
and ultrasound [8]. In general, optical microscopy offers high spatial resolutions, making it
ideal for the detailed examination of superficial skin structures and cellular morphology.
However, its capability to penetrate beyond the epidermis is limited by the ballistic regime
of light, typically reaching depths of only about 1 mm. As a result, optical microscopy is
best suited for analyzing thin and superficial lesions, where the pathology predominantly
resides within the epidermal layers [9,10]. While optical microscopy excels in providing
detailed imaging of superficial structures, it faces challenges in assessing deeper layers of
the skin, including the papillary dermis and beyond. This limitation hinders a comprehen-
sive evaluation of lesions with abnormalities in the deeper layers, such as microvascular
anomalies within the dermis or the measurement of tumor thickness, which is crucial for
staging and prognostic assessment in various skin cancers. Ultrasonography is advan-
tageous in skin imaging due to its ability to penetrate deeper layers of tissue compared
to optical microscopy, providing valuable morphological information [11]. It excels in
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