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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.
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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, unnecessary 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 imaging 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], reflectance
confocal microscopy[4,5], optical coherence tomography (OCT)[6,7], and ultrasonography[8,9]. In
general, optical microscopy provides high spatial resolutions but is unable to focus under the
epidermis beyond the ballistic regime of light (~1 mm)[10,11]. Ultrasonography penetrates deeper
but is often limited to morphological information without insight into the pathological
environment[12]. Each imaging technique has certain advantages and limitations. Skin imaging
therefore requires a modality complementary to these existing techniques, to bridge between the
microscopic and macroscopic scales with rich optical contrast.

Photoacoustic imaging (PAI), also known as optoacoustic imaging, is a biomedical imaging
modality that combines optical excitation and acoustic detection and which shows promise for
fulfilling the above requirements. PAI has been demonstrated to provide a scalable field of view
(FOV), high spatiotemporal resolutions, and pathology-related imaging contrast without ionizing
radiation or contrast agent injection. It uses a pulsed laser to irradiate biological tissues. The absorbed
photons heat the biological chromophores instantaneously and generate a rise in pressure by
transient thermoelastic expansion. The pressure rise then propagates outward in the form of
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ultrasonic waves (photoacoustic waves), which suffer negligible scattering before being detected by
ultrasonic transducers placed around the tissue. The amplitude of the pressure rise can then be
calculated via image reconstruction algorithms, revealing the concentration and distribution of the
chromophores beneath the skin surface[13-15]. The optical absorption-based contrast and the hybrid
nature of PAl enables the acquisition of structural, functional, and molecular information with a high
depth-to-resolution ratio[16-18].

In PAI, the high optical contrast permits analysis of pathological characteristics with or without
labeling, the high depth-to-resolution ratio allows clear visualization of detailed features from the
epidermis to the dermis, and the high imaging speed reduces motion artifacts and facilitates fast
scanning. PAI therefore shows early promise for accurate diagnosis and treatment guidance of
various skin diseases with improved patient management. In this review, we first introduce the major
configurations of PAI and then present multiple applications of PAI in dermatology with clinical
translation potentials. We conclude with a summary and outlook on this field, aiming to illustrate the
unique role of PAI in solving critical problems in the diagnosis and treatment of skin cancer and
psoriasis, as well as other skin diseases.

2 Key Features of PAI

Most PAI systems can be classified into three categories according to their image formation
approach:  optical-resolution  photoacoustic =~ microscopy (OR-PAM), acoustic-resolution
photoacoustic mesoscopy (AR-PAM), and photoacoustic computed tomography (PACT).
Specifically, OR-PAM relies on rapid scanning of a tightly focused light beam to render optical-
resolution images near the surface[19-21]. In comparison, AR-PAM scans a loosely focused light
beam for excitation but a focused ultrasound beam for detection[22,23]. In AR-PAM, the acoustic
focus typically generates coarser lateral resolutions than the optical focus in OR-PAM, but generally
images deeper than OR-PAM since ultrasound scatters much less than light in biological tissues[24].
For even deeper penetration, PACT usually uses expanded light beams to excite the tissue
homogenously and detects PA waves using multiple ultrasonic transducers in parallel[25,26].
Consequently, the images are reconstructed via acoustic inversion algorithms in the optical diffusive
regime. All three PAI configurations make PAI scalable from epidermis to dermis with a high depth-
to-resolution ratio (~200), thus bridging the longstanding gap between microscopic and macroscopic
observations of skin (Table 1).

Table 1. Key features of the major configurations of PAL

OR-PAM AR-PAM PACT
Depth <1.5mm[19-21] <5mm|[22,23] <40mm|[13]
Epidermis, dermis,
Penetrated Epidermis and partially Epidermis, dermis, and
and subcutaneous
skin layers dermis subcutaneous tissue )
tissue
Lateral: 0.3-5 pm Lateral: 20-80 um
Resolution 30400 um[13,26]
Axial: 15-30 um[27,28] Axial: 20-60 um[29]
Resolved Arterioles, venules,
Capillaries Arterioles and venules
features and larger vessels
several tens or even
Frame rate a few hertz[21,27,30] several tens of hertz[22,23]  hundreds of

hertz[13,26]

The distinct absorption spectra of biological components allow PAI to reveal comprehensive
information about the lesion. By scanning the excitation light through multiple wavelengths, PAI can
image a variety of endogenous or exogenous absorbers, enabling the detection of anatomical,
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physiological, metabolic, molecular, and genetic events in the body. The abundant imaging
information allows PAI to detect the presence of specific biomolecules and pathological features,
identifying the lesion’s malignancy and progression[26,31-33]. The diagnostic capability of PAI can
be further extended to the guidance of treatment and assessment of therapy, facilitating accurate and
personalized treatment to treat skin cancer and psoriasis, as well as other skin diseases.

High imaging speed is critical for imaging living objects or dynamic biological processes. PAI
can acquire images up to hundreds of frames per second, reducing motion-induced artifacts and
improving imaging efficiency. For example, PAI can scan a whole human breast within a single
breath hold of 10 seconds[13]. Thus, high imaging speed is one of the significant advantages of PAI,
enabling real-time monitoring of biological processes in vivo.

3. Clinical Applications in Skin Imaging

Here, we focus on PAI of the skin and present its studies aiming at fulfilling the clinical
requirements in the diagnosis and treatment of skin cancer and psoriasis, among numerous skin
diseases. For skin cancer diagnosis and treatment assessment, there has been significant research on
precise measurements of tumor thickness as well as blood vasculatures and oxygenation states in the
tumor microenvironment. Other than imaging solid tumors, PAI can detect circulating tumor cells,
providing early promise in treatment assessment and prognosis. In addition to cancer imaging, PAI
studies have paid special attention to psoriasis diagnosis, offering precise and objective evaluations.

3.1. Skin Cancer Imaging

3.1.1. PAI of Melanoma

Normal human skin is divided into three layers: epidermis, dermis, and subcutaneous tissue
(Figure 1(a)). Melanocytes, located in the basal layer of the epidermis, are normal human cells which
produce pigment and protect the skin from ultraviolet radiation. Melanoma, which is the deadliest
form of skin cancer, arises from the malignant transformation of melanocytes[34]. Although it
accounts for only 5% of skin cancers, melanoma is responsible for over 60% of skin cancer-related
deaths[35-37].

Tumor thickness is an important indicator of melanoma progression and metastasis. Melanoma
cells initially grow within the epidermis layer, in what is usually called the "horizontal growth phase".
Accurate diagnosis followed by extended surgical resection at this stage would remove tumor cells
with minimal risk of recurrence. Without proper treatment, however, tumor cells will start to invade
the dermis during the "vertical growth phase". Blood and lymph vessels distributed in the dermis
will facilitate melanoma cell metastasis, which may lead to fatality. Accordingly, tumor thickness is
a key factor in staging melanoma, guiding treatment and assessing prognosis[35,38].

Accurate measurement of melanoma thickness remains a challenge in clinics due to the limited
imaging depth of skin imagers and the low imaging contrast to reveal the lesions’ pathological
features. Currently, surgical excision biopsy with narrow margins and partial biopsy are typically
applied for this purpose[39,40]. Although dermatology guidelines recommend biopsy from the
irregular and hyperpigmented sections, insufficient sampling of the primary lesion limits the
accuracy of partial biopsy[41]. Consequently, a comprehensive and precise measurement of melanin
distribution and the melanoma microenvironment can improve early diagnosis and guidance in
deciding the positions and depths of biopsies.

The high optical contrast allows PAI to reveal the melanin content in melanoma cells beneath
the epidermis. For example, Breathnach et al. developed a handheld PAI probe to measure melanoma
thickness (Figure 1(b))[42]. While the thickness of the lesions measured by PACT was highly
correlated with histology (r = 0.99, P < 0.001 for melanoma, r = 0.98, P < 0.001 for nevi), the limited
view of the linear ultrasonic array compromised the image clarity. Another linear array-based PACT
system was used for melanoma measurement at depths ranging from 0.2 to 6.0 mm][43]. Probably
due to the dehydration and shrinkage of histology samples, the system quantified slightly thicker
(around 13% thicker) tumor depth in vivo compared to histological measurements ex vivo[42,43]. The
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distinctive oxy-hemoglobin (HbO:) and deoxy-hemoglobin (HbR) signals captured by PACT
revealed vascular infiltration surrounding melanin-rich areas, providing additional features to
diagnose the tumor’s invasiveness[22,44-48] (Figure 1(c)).

In addition to the depth, blood vasculatures in the melanoma’s microenvironment are closely
associated with the invasiveness and metastatic stages of the tumor. Accordingly, three-dimensional
imaging of the vascular features across the skin layers can provide pathological details around the
tumor which are inaccessible via traditional dermatoscopy. He et al. imaged microvessels throughout
the skin to a depth of 1.5 mm at a wavelength of 532 nm within a single breath hold of 15 seconds,
with a resolution of tens of micrometers (Figure 1(d))[46]. In vivo images from 10 melanoma and 10
benign moles showed significant difference in microvasculatures (e.g., the dermal vasculature in the
melanoma edge areas exhibited a significantly higher total blood volume and vessel density
compared to the melanocytic nevus) between malignant and benign lesions, showing early promise
for diagnostic improvement.

Multiple PAI studies have demonstrated measurement of melanoma depths with verified
histopathological correlation. In addition, clear imaging of the hemogenous characteristics further
faciliate the non-invasive assessement of the lesion’s malignancy and invasiveness. Therefore,
preoperative PAI of melanoma can be a useful tool for biopsy guidance, allowing more accurate
sampling and eliminating the need for redundant biopsies.

3.1.2. Detection and Treatment of Circulating Melanoma Cells

Circulating melanoma cells (CMCs), an exclusive subset of circulating tumor cells[49], are
melanoma cells that have detached from the tumor and circulated in the bloodstream. Since CMCs
are critical indicators of tumor metastasis[50,51], the identification and quantification of CMCs are
essential for diagnosis and prognosis of the cancer. Existing techniques (such as immune-mediated
assays and polymerase chain reaction) for CMC detection rely primarily on antigen-antibody
recognition or physical properties of tumor cells, and suffer from inadequate sensitivity and
specificity due to extremely low levels of CMCs in the blood[52,53].

To address this critical need, multiple PAI studies for CMC detection have been performed. One
early-stage study detected melanoma cells in human blood samples from a patient with stage-IV
melanoma using a photoacoustic flowmetry system[54]. Muliple photoacoustic flow cytometry
(PAFC) systems have been developed to enumerate CMCs in early-stage melanoma patients (I-III
stages), showing a capability of detecting 2 CMCs/ml in human blood draws. Out of 27 patients (67%)
with more than two CMCs/ml detected by the PAFC, 18 eventually developed metastatic diseases
during their follow-up times[52]. In another study, a cytophone PAFC system was invented which
detected CMCs in 27 of 28 of melanoma patients, yet reported zero CMC events in healthy
participants[55]. Recently, a linear array-based PACT system has been optimized for the detection of
CMCs subcutaneously in stage III-IV melanoma patients in vivo. Patients with positive test results
had higher chances of disease progression in follow-up studies[56].

Moreover, PAFC holds promise for improving the prevention of metastatic disease through the
targeted elimination of melanoma cells in circulation. A dual-wavelength PAFC has been developed,
integrated with a melanoma-specific laser therapy mechanism[57]. The in-vivo label-free imaging of
CMCs in mice enabled the immediate initiation of a targeted laser treatment upon detection of the
melanoma cell’s photoacoustic signal. The melanoma cell was thermally destroyed without collateral
damage[57].

3.1.3. Non-invasive Tumor Margin Imaging of Non-melanoma

Different from melanoma, non-melanoma skin cancers (NMSCs) typically exhibit less
aggressiveness and lower metastatic tendencies, underscoring the crucialness of complete surgical
excision[58]. However, accurate measurement of tumor size is critical for successful tumor resection.
Accordingly, preoperative imaging is helpful to improve precise excisions by providing volumetric
information about the melanin concentration and blood vasculature. Non-invasive preoperative
imaging also aids in the delineation of tumor margins, minimizing the chance of incomplete excision.
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This imaging approach aligns seamlessly with Mohs surgery to shortening the operative procedures
and improve the cost effectiveness[59].

NMSCs are often lightly pigmented and contain melanin, serving as an endogenous contrast
agent for PAI A recent study successfully distinguished NMSC tumors from normal skin in 21 Asian
NMSC patients imaged by MSOT (Multispectral Optoacoustic Tomography), which analyzed the
optical spectrum of the lesion (Figure 1(e))[31]. Its real-time 3D imaging capability also allowed
visualization of the lesion's structures and associated vascular angiogenesis, which is a well-
acknowledged indication of tumor invasiveness[60,61]. Another approach involves a planar-view
PACT using a Fabry-Pérot interferometer (FPI) to provide higher acoustic detection performance
than piezoelectric transducers[62]. The transparent FPI sensor also facilitates integration with other
optical imaging modalities, such as OCT[63]. Proof-of-principle studies have demonstrated 3D
imaging of a surgical scar and basal cell carcinoma in human skin. In addition to the anatomical
imaging of NMSC-associated angiogenesis, multi-spectral PAI is capable of mapping oxygen
saturation in tumor microenviroments to identify hypoxia-related malignancy biomarkers[64].
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Figure 1. (a) Layers of human skin. (b) Coregistered PAI image of in situ melanoma on upper left
extremity. Handheld linear-array-based PAI was able to image pigmented lesion and skin
architecture with high contrast, speed, and resolution[42]. (c) In vivo Volumetric Multispectral
optoacoustic tomography(vMSOT) images in different orthogonal views and 3D map of skin tumour
showing melanin, Hb (blue) and HbO: (red) signals. Clusters of melanin signals were observed with
strong haemoglobin signals underneath the tumour, indicating the extent of tumour’s vascularity.
Measurements of tumour dimensions were acquired from the xy and xz planes to get the maximum
length, width and depth (including vasculature) parameters[44]. (d) Maximum intensity projection
(MIP) cross-sectional images of a melanoma lesion edge (red: larger structures in the bandwidth of
10-40 MHz; green: smaller structures in the bandwidth of 40-120 MHz) [46]. (e) 3D MSOT rendering
of a representative BCC lesion showing melanin (yellow), Hb (blue) and HbO: (red) signals. Melanin
signals were clustered at the top with strong hemoglobin signals underneath the BCC, showing
deeper vasculature structures and the lesion[31].
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3.2. Psoriasis

Psoriasis is a chronic skin disease mainly characterized by the appearance of abnormal skin
patches[65,66]. Histology of psoriatic skin exhibits hyperkeratosis, acanthosis, inflammatory cellular
infiltrate, and modified microvascular architecture (Figure 2(a)). Clinics typically evaluate psoriasis
via visual assessment based on the Psoriasis Area and Severity Index (PASI) scoring system.
Although diagnostic accuracy is limited by the lack of subcutaneous information and by subjective
judgment, the evolving understanding of this disease has made microvascular alterations become
crucial pathophysiological markers in the objective assessment of psoriasis progression[67,68].

Studies have successfully demonstrated PAI of microvascular lesions in psoriasis, providing a
valuable approach to identify and quantitatively measure specific biomarkers for early screening and
accurate diagnosis. The PAI of psoriasis biomarkers include elongated and dilated capillary loops as
well as dermal vessels with larger diameters and denser distributions than those in healthy skin
(Figure 2(b)(c))[46,69]. For example, using raster-scan optoacoustic mesoscopy (RSOM) (Figure
2(d)(e)), PAI studies have revealed correlations between microvascular characteristics and psoriasis
response to treatment. Characteristics such as the mean capillary loop length, mean capillary loop
diameter, and mean width (thickness) of the sub-epidermal vascular plexus have shown strong
associations with treatment outcomes (r2= 0.77, P = 0.00004)[70]. These parameters can be effectively
monitored by PAI to capture the therapeutic responses that may elude conventional PASI
evaluation[70]. The combination of PAI and OCT has proved mutual corroboration with different
scales and depths in dermatitis images[69,71].

Figure 2. (a) Histological cross section of psoriatic skin showing acanthosis, hyperkeratosis, and
elongated capillary loop (CL)[70]. The sub-epidermal vascular plexus appears dilated. (b)and(c)
Cross-sectional MIP images of psoriatic skin and adjacent healthy skin from a patient’s back
(male)[46]. (d)and(e) Coronal RSOM images of the same psoriatic plaque on days 1 and 10 of
conventional treatment with the PASI 7 and 2 . All photoacoustic images are color-coded to represent

the two reconstructed frequency bands (red: larger structures in the bandwidth of 10-40 MHz; green:
smaller structures in the bandwidth of 40-120 MHz)[70].
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3.3. PAI of Some Other Skin Diseases

The imaging of subcutaneous blood oxygen saturation holds significant diagnostic value in
hypoxia-associated conditions such as systemic sclerosis and vascular malformations. Systemic
sclerosis, characterized by skin fibrosis and progressive vascular involvement, relies primarily on
nailfold capillaroscopy for diagnosis[72]. However, superficial nailfold microvasculature cannot fully
represent epidermal conditions. Therefore, RSOM has been used to generate three-dimensional
images of the entire nailfold microvascular network that includes dermal vessels (Figure 3(a))[73,74].
Multispectral PAI, which is emerging as an important tool for imaging vascular malformations, has
also revealed an abnormal increase in arterial blood oxygen saturation (SaO2) within arteriovenous
malformations. Such pathological image features allow PAI to provide crucial insights that may
benefit invidualized therapy (Figure 3(b))[75].

Diabetes is condition which affects the microvasculature of various organs, including the eyes,
heart, brain, kidneys, and skin[76,77]. The skin is the most accessible organ and could offer a window
for detecting diabetes-related systemic effects on the microvasculature. In a study involving 72
diabetic patients, RSOM was employed to image the lower limbs, and six label-free optoacoustic
biomarkers were extracted (Figure 3(c))[78-80]. The effects of diabetes on these parameters were
investigated as a function of disease severity, finding strong statistically significant differences
between microvasculature parameters and diabetes progression. Alterations induced by diabetes in
the microvasculature of the skin serve as indicative markers of an unfavorable disease prognosis.
These alterations compromise tissue perfusion and oxygenation, as well as the integrity of skin
barriers, thereby predisposing individuals to cutaneous infections, neuropathy characterized by
sensory loss, ulcerations, and other associated comorbidities such as diabetic foot ulcers [81,82]. PAI
holds promise as an effective tool for early detection, potentially transforming the prognosis for this
condition[80,83].

Moreover, diabetic foot ulcers are a common and severe complication of type 2 diabetes mellitus,
with the potential risk of amputation and even life-threatening consequences arising from persistent
ulcers or associated infections[84]. The occurrence of diabetic foot ulcers is intricately linked to
microcirculation in the foot, a result of the collective impact of diabetic lower limb neuropathy or
peripheral vasculopathy[85]. The dermal vascular system, situated beneath the highly scattering
epidermis, remains inaccessible through optical microscopy methods such as confocal or two-photon
microscopy. Conventional approaches like ultrasound encounter challenges in visualizing
microvessels below the ankle, limiting the assessment of foot microcirculation and impeding the
detection of microangiopathy in diabetic foot ulcer patients. PAI, combining the advantages of optical
and acoustic techniques with higher resolution and penetration depth, provides a clear observation
of the dermal vascular network. He et al. utilized ROSM for skin imaging of the lower extremities in
diabetic participants, resolving skin vessels with diameters ranging from 10 um to about 150 um{[79].
This capability facilitates quantitative research on biomarkers associated with neuropathy and
peripheral vasculopathy. With the progression of diabetes, a reduction in vascular density in the
dermal layer and thinning of the epidermis are observed. The high resolution and penetration depth
of PAI therefore paves the way for an in-depth exploration of micro-vascular changes relevant to the
pathology of diabetic foot ulcers, providing valuable insights for early diagnosis, treatment planning,
and preventive strategies.

The potential application landscape of PAI in systemic lupus erythematosus (SLE) is expansive.
This imaging modality has proven its value in examining the vasculature[31,46], joints[86,87], and
skin injuries[31,43,88], providing a range of insights into the depth and breadth of vascular structural
abnormalities, arthritic inflammation, and skin damage. Given the autoimmune nature of SLE,
characterized by vascular inflammation similar to psoriasis, PAI assists in observing changes in
vascular structure. SLE often presents with joint inflammation, and PAI allows for non-invasive
observation of joint structure and inflammation, facilitating early detection and continuous
monitoring of disease activity. Furthermore, SLE typically manifests as skin damage, including
erythema and ulcers. PAI, with its high-resolution capabilities, provides detailed skin images,
assisting physicians in observing the depth and extent of skin lesions. This not only aids in early
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detection but also enables more accurate monitoring of pathological changes in SLE, thereby offering
robust support for physicians in developing personalized treatment plans. Although PAI is still in
the research phase within the lupus erythematosus domain, its unique advantages position it as a
powerful tool for future in-depth understanding of autoimmune diseases.

In addition, using only hemoglobin and water as the endogenous contrast, PAI has the potential
to characterize the pathological features of healthy skin, superficial dermal burns, deep dermal burns,
and deep burns[89]. For acute burns, PAI can clearly delineate the hyperemic bowl, the boundary
between the edemic coagulated burned tissue and the healthy perfused tissue (Figure 3(d))[88]. To
mitigate the risk of infection and eliminate direct contact with injured skin, non-contact PAI methods
have been developed, such as non-contact photoacoustic imaging with focused air-coupled
transducers and non-contact photoacoustic imaging using fiber-based interferometers, showing
substantial application potential[90,91]. However, non-contact photoacoustic imaging faces
challenges related to reduced signal sensitivity. The necessity for the signal to travel through air or
other media may introduce signal attenuation, impacting the imaging sensitivity. Additionally,
certain non-contact photoacoustic imaging methods may face limitations concerning the distance the
signal travels, particularly when imaging deep tissues. This limitation can lead to lower resolution in
deep tissues compared to direct contact methods.
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Figure 3 (a) Three dimensional imaging of the nailfold microvasculature. Yellow arrows indicate
capillaries close to the nail; blue arrows show capillaries further from the nail tend to orient
perpendicular to the skin[73]. (b) Pseudocolor-coded MSOT skin images, showing reduced HbO:
concentration after complete arteriovenous malformation embolization treatment[75]. (c) PAI of
lower extremities (distal pretibial region), showing noticeable difference between healthy subjects and
diabetitc patients [78]. (d) Photograph and AR-PAM image of an acute skin burn induced by 175 °C
heat exposure for 20 seconds, showing the characteristic hyperemic ring[88].

4. Conclusion and Perspective

This review highlights the potential of PAI as a transformative tool for accurate diagnosis and
treatment guidance in dermatology. The distinct absorption spectra of biological components
acquired by PAI enable visualization of a wide range of endogenous and exogenous absorbers and
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provide detailed insights into pathological characteristics. For example, the high imaging contrast of
melanin and hemoglobin allows PAI to measure melanoma depth and microvasculature distruction
for improved diagnosis. Moreover, PAI can extend to the detection and treatment of circulating
melanoma cells, offering a valuable tool for prognosis and personalized treatment. In the context of
NMSCs, where accurate measurement of tumor size is critical, PAI shows early promise in accurately
distinguishing NMSCs from healthy tissue. In addition to solid tumor imaging, PAI has shown
significant benefits in psoriasis diagnosis. Its capability of capturing microvascular alterations in
psoriatic skin provides dermatologists a quantitative and objective approach for early screening and
accurate diagnosis, offering an improvement over conventional visual assessments. Furthermore,
PAI has been demonstrated to measure subcutaneous blood oxygen saturation, offering diagnostic
insights into conditions like systemic sclerosis and chronic wounds. Clinical imaging requirement in
superficial diseases such as ulcers and diabetes-related lesions further extend the applications of PAI
in improving early detection and accurate diagnosis by revealing additional pathological features
under the epidermis.

The technical advantages and niche clinical applications of PAI have been clearly demonstrated.
However, challenges remain, including imaging standardization across diverse patient populations,
and the establishing of regulatory frameworks for system construction and usage. The translation of
PAI from a laboratory technology to a clinical product requires ongoing work to improve reliability,
develop expert consensus, and establish clinical guidelines. The recent FDA approval of a PAI system
for breast cancer diagnosis exemplifies its growing acceptance in clinical practice and paves the way
to additional applications. Overall, the unique advantages and continued development of PAI holds
great promise for accurate skin disease diagnosis and treatment management.
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