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Introduction

Dermatological diseases encompass a broad spectrum of neoplas-
tic, inflammatory, and infectious conditions and create a substan-
tial global healthcare burden. Accurate diagnosis is critical for op-
timal patient management, but it remains challenging due to the 
heterogeneity of skin lesions. Although histopathology continues 
to serve as the diagnostic gold standard, its invasive nature, pro-
cessing time, and dependence on specialized infrastructure moti-
vate the development of complementary non-invasive diagnostic 
technologies.

Over the past 2 decades, advanced optical microscopy tech-
niques have emerged as a cornerstone of modern skin imaging, 
leveraging light–tissue interactions to generate high-resolution 
morphological and functional information in vivo and ex vivo. 
Unlike conventional optical microscopy relying on transmitted 
light and thin tissue sections, dermatological optical imaging 
systems are predominantly based on epi-illumination, allowing 
examination of intact skin without physical sectioning (1). These 
techniques exploit reflectance, fluorescence, scattering, and ab-
sorption properties of skin constituents to achieve contrast at the 
cellular and subcellular scales.

Among the modalities available, reflectance confocal micros-
copy (RCM), ex vivo confocal microscopy (EVCM), optical coher-
ence tomography (OCT), and, more recently, line-field confocal 
OCT (LC-OCT) have already entered routine clinical practice for 
selected dermatological indications, whereas techniques such 

as multiphoton tomography, Raman spectroscopy, optoacoustic 
imaging, and multimodal artificial intelligence (AI) platforms re-
main largely confined to specialized research or tertiary referral 
centers because of their technical complexity, cost, and limited 
availability (2). However, these emerging technologies provide 
complementary structural, functional, and molecular informa-
tion that may further improve diagnostic precision and support 
the development of personalized dermatological care (2).

This narrative review summarizes the current evidence regard-
ing the physical principles, diagnostic performance, clinical ap-
plications, limitations, and future potential of advanced optical 
microscopy techniques in dermatology. Particular emphasis is 
placed on their current level of clinical implementation, practical 
barriers to widespread adoption, and their potential role in im-
proving diagnostic pathways across various healthcare settings.

Methods

This narrative review summarizes current evidence about ad-
vanced optical microscopy techniques for skin imaging, with a 
focus on confocal microscopy and emerging photonic modalities. 
A literature search was performed in PubMed/MEDLINE, supple-
mented by targeted searches in Web of Science and Google Schol-
ar, using combinations of keywords such as confocal microscopy, 
reflectance confocal microscopy, ex vivo confocal microscopy, op-
tical coherence tomography, line-field confocal OCT, multiphoton 
microscopy, Raman spectroscopy, photoacoustic imaging, and skin
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imaging. The search was limited to publications in English and 
German, with priority given to peer-reviewed original articles, re-
views, and guidelines published between 2015 and 2025.

The initial search identified approximately 85 publications. 
After title and abstract screening, around 28 articles underwent 
full-text evaluation. Following assessment for relevance, meth-
odological quality, and overlap of information, the most repre-
sentative and up-to-date publications were selected for inclusion 
in this narrative review.

Studies were selected based on relevance to dermatological in 
vivo or ex vivo imaging, diagnostic performance, clinical utility, 
and technological innovation. Non-dermatological applications 
and publications without accessible full text were excluded. The 
selected evidence was synthesized narratively, with particular 
emphasis on imaging principles, clinical applications, technologi-
cal characteristics, diagnostic performance, and future develop-
ments. Given the narrative design of this review and the methodo-
logical heterogeneity of the available literature, neither a formal 
systematic review process nor a meta-analysis was performed, 
and a Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) flow diagram was not considered applicable. 
Whenever available, priority was given to systematic reviews, me-
ta-analyses, clinical guidelines, and prospective clinical studies.

Results

Confocal laser microscopy: optical principles and dermatological 
implementation

RCM, also referred to as confocal laser scanning microscopy, is 
a non-invasive optical imaging technique that achieves high lat-
eral resolution through spatial filtering of out-of-focus light. In 
dermatological systems, monochromatic laser illumination of a 
selected wavelength is focused onto a defined horizontal plane 
within the skin (3). Light reflected or emitted from refractive index 
mismatches is directed through a pinhole aperture conjugated to 
the focal plane, thereby suppressing out-of-focus signals and al-
lowing optical sectioning (3).

Image contrast in reflectance-based confocal microscopy pri-
marily arises from endogenous chromophores and structural in-
terfaces, including keratin, melanin, collagen, and cellular mem-
branes. The technique provides lateral resolution on the order of 1 
to 3 μm and a penetration depth of approximately 200 to 300 μm, 
allowing visualization of individual keratinocytes, melanocytes, 
dermal papillae, and superficial dermal structures with near-his-
tological resolution (4).

Beyond its optical characteristics, RCM has become one of 
the most extensively validated non-invasive imaging techniques 
in dermatology. A recent systematic review and meta-analysis 
demonstrated pooled diagnostic sensitivities exceeding 90% and 
specificities approaching 80% to 90% for melanoma detection, 
and prospective real-world studies have shown that RCM substan-
tially reduces unnecessary skin biopsies without compromising 
diagnostic safety (5). These findings have established RCM as a 
valuable adjunct to dermoscopy, particularly for the evaluation 
of equivocal melanocytic lesions and the diagnosis of basal cell 
carcinoma (4).

Beyond in vivo imaging, confocal microscopy can be applied 
ex vivo to freshly excised tissue. EVCM allows rapid microscop-
ic evaluation of surgical specimens without formal fixation or 
sectioning, preserving tissue for subsequent histopathological 

processing. When combined with fluorescence contrast agents, 
cellular and nuclear detail is further enhanced, facilitating intra-
operative margin assessment in skin cancer surgery (6).

Several studies have demonstrated excellent agreement be-
tween EVCM and conventional histopathology, with reported con-
cordance rates exceeding 90% for basal cell carcinoma margin 
assessment (7). This allows rapid intraoperative decision-making, 
shortens diagnostic turnaround time, and preserves tissue integ-
rity for subsequent routine histopathological examination. Con-
sequently, EVCM has become increasingly integrated into Mohs 
micrographic surgery and other dermatological surgical work-
flows at specialized centers (6).

Optical coherence tomography and hybrid confocal–optical 
coherence tomography approaches

OCT is a non-invasive interferometric imaging modality that pro-
vides cross-sectional and three-dimensional visualization of tis-
sue microstructure based on backscattered near-infrared light. 
OCT offers greater imaging depth than confocal microscopy—typi-
cally up to 1 to 2 mm—while maintaining axial resolutions in the 
range of 3 to 15 μm. This depth advantage allows visualization of 
the full epidermis, dermis, and superficial subcutis (8).

Compared with RCM, OCT provides lower cellular resolution 
but substantially greater penetration depth, making it particu-
larly useful for evaluating lesion thickness, tumor architecture, 
and deeper dermal involvement (9). Clinical studies have dem-
onstrated good diagnostic accuracy for basal cell carcinoma and 
actinic keratosis, supporting its role as a complementary imaging 
modality in routine dermatological practice (10).

Dynamic OCT extends conventional OCT by detecting motion-
induced speckle variance, thereby visualizing microvascular net-
works and perfusion patterns. Vascular morphology captured by 
dynamic OCT has demonstrated relevance for tumor biology, in-
flammatory activity, and treatment monitoring (11).

Recent developments in LC-OCT integrate the advantages of 
RCM and OCT, achieving near-cellular resolution with increased 
penetration depth while allowing simultaneous acquisition of 
vertical and horizontal optical sections. LC-OCT effectively bridg-
es the resolution gap between confocal microscopy and conven-
tional OCT, providing three-dimensional reconstructions that 
closely resemble histological architecture (12).

Several studies have reported excellent agreement between 
LC-OCT findings and histopathology for epithelial skin tumors, 
particularly basal cell carcinoma and squamous cell carcinoma, 
with diagnostic performance approaching that of RCM while of-
fering additional vertical imaging capability. Owing to these ad-
vantages, LC-OCT is increasingly being incorporated into special-
ized dermatology clinics for the evaluation of non-melanoma skin 
cancer and selected inflammatory skin disorders (13).

More recently, LC-OCT has also shown promising applications 
in the assessment of selected inherited and genodermatoses, in-
cluding disorders of keratinization and epidermolysis bullosa, 
for which simultaneous horizontal and vertical visualization im-
proves characterization of epidermal structural abnormalities (14).

Multiphoton tomography and nonlinear optical microscopy

Multiphoton tomography (MPT) employs nonlinear excitation pro-
cesses to generate intrinsic fluorescence from endogenous chromo-
phores such as NADH, FAD, melanin, elastin, and collagen. In ad-
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dition, second harmonic generation provides label-free contrast 
from non-centrosymmetric structures, particularly collagen fibers. 
These properties allow high-resolution imaging of epidermal and 
dermal architecture without exogenous contrast agents (2).

The incorporation of fluorescence lifetime imaging microscopy 
(FLIM) adds a functional dimension by capturing metabolic sig-
natures associated with cellular redox states. Although penetra-
tion depth remains limited to approximately 200 μm and instru-
mentation costs are high, multiphoton techniques offer unique 
insights into tissue metabolism and extracellular matrix organi-
zation, positioning them as powerful research tools with potential 
future clinical applications (15).

Recent studies suggest that MPT combined with FLIM may 
improve the differentiation between benign and malignant skin 
lesions by detecting metabolic alterations before morphological 
changes become evident. However, despite its excellent spatial 
resolution and label-free imaging capability, the widespread clini-
cal implementation of MPT remains limited by high equipment 
costs, prolonged image acquisition times, and the need for spe-
cialized expertise. Consequently, MPT is currently predominantly 
used in academic research centers rather than routine dermato-
logical practice (15).

Raman spectroscopy and molecular optical imaging

Raman spectroscopy is based on inelastic scattering of light and 
provides molecular-level information reflecting biochemical com-
position. In dermatology, Raman-based techniques allow identifi-
cation of spectral fingerprints associated with malignant transfor-
mation, inflammation, or metabolic alterations (16).

Recent systematic investigations have demonstrated diagnos-
tic sensitivities of approximately 90% and specificities exceeding 
85% for melanoma detection, highlighting the ability of Raman 
spectroscopy to differentiate benign from malignant pigmented 
lesions based on their biochemical composition rather than mor-
phological appearance (17).

Despite high specificity, clinical translation remains con-
strained by acquisition time, signal-to-noise limitations, and tech-
nical complexity. Ongoing developments in fiber-optic probes, 
surface-enhanced Raman spectroscopy, and machine learning–
assisted spectral classification are expected to improve feasibility 
and diagnostic performance (18).

Optoacoustic and hybrid imaging modalities

Optoacoustic imaging combines optical excitation with ultrasonic 
detection, allowing visualization of optical absorption contrast at 
clinically relevant depths. Multispectral optoacoustic tomography  
allows differentiation of chromophores such as hemoglobin, mel-
anin, and lipids, providing functional and vascular information. 
Raster-scan optoacoustic mesoscopy further enhances spatial 
resolution and has shown potential for non-invasive assessment 
of tumor-associated vascular patterns (19).

Hybrid platforms integrating optoacoustic imaging with OCT, 
ultrasound, or Raman spectroscopy show a growing trend toward 
multimodal skin imaging, capturing complementary structural, 
functional, and molecular information within a single system (20).

The combination of structural and functional imaging im-
proves visualization of tumor vascularization, oxygenation, and 
tissue composition, thereby offering additional information be-
yond conventional morphological assessment. Nevertheless, op-

toacoustic imaging is currently available mainly in specialized 
research institutions, and its routine clinical adoption remains 
limited by equipment availability, standardization challenges, 
and the need for further large-scale validation studies (20).

Computational enhancements and artificial intelligence

The increasing complexity and volume of optical imaging data 
have driven the integration of computational methods, includ-
ing digital staining algorithms AI–based image analysis. Machine 
learning models trained on large datasets can assist in pattern 
recognition, lesion classification, and margin detection, poten-
tially reducing interobserver variability and improving diagnostic 
consistency. Computational imaging is a critical interface between 
hardware innovation and clinical usability, allowing translation 
of advanced optical techniques into routine dermatological work-
flows (21).

More recently, multimodal AI systems integrating dermoscopy, 
RCM, OCT, and clinical images have shown encouraging results 
in lesion classification and diagnostic support. However, current 
evidence is still limited, and most available data originate from 
retrospective studies conducted in highly specialized centers. 
Therefore, although early findings suggest improved diagnostic 
performance, prospective multicenter validation and external 
testing remain essential before these systems can be routinely im-
plemented in clinical practice (21).

Emerging optical techniques and future research directions

Despite considerable progress in established optical imaging mo-
dalities such as RCM and OCT, ongoing research continues to ex-
pand the landscape of advanced skin imaging technologies with 
the potential to further improve non-invasive dermatological di-
agnostics.

Building upon its established clinical applications discussed 
above, LC-OCT continues to evolve through the integration of der-
moscopic guidance, automated image analysis, and AI–assisted 
interpretation. These developments are expected to improve diag-
nostic confidence, workflow efficiency, and the reproducibility of 
image interpretation in routine clinical practice (22).

In addition, another emerging direction is holotomography 
(HT), an advanced optical imaging modality capable of recon-
structing three-dimensional refractive index distributions of tis-
sue. HT generates high-resolution volumetric images with mini-
mal phototoxicity and is being integrated with deep learning 
approaches for virtual staining, automated analysis, and struc-
tural phenotyping beyond superficial layers, potentially allowing 
more sophisticated morphological and biophysical profiling of 
skin in vivo (23).

Although early evidence suggests that these multimodal AI 
systems may improve performance in complex diagnostic tasks, 
their current evidence base remains limited, and prospective mul-
ticenter validation studies are still required before widespread 
clinical implementation can be recommended (24).

Recent work also underscores the synergistic potential of com-
bining structural and functional imaging. For example, OCT paired 
with photoacoustic imaging facilitates simultaneous visualization 
of tissue microstructure and chromophore distribution, offering a 
more comprehensive assessment of skin physiology and patholo-
gy. This multimodal strategy may improve early disease detection, 
vascular characterization, and treatment monitoring (25).
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 Current limitations and barriers to clinical implementation

Despite remarkable technological advances, several important bar-
riers continue to limit the widespread implementation of advanced 
optical imaging techniques in routine dermatological practice.

First, the availability of these technologies varies consider-
ably. RCM, EVCM, OCT, and LC-OCT have already been incorpo-
rated into clinical practice at specialized dermatology centers and 
university hospitals, whereas multiphoton tomography, Raman 
spectroscopy, optoacoustic imaging, and holotomography remain 
largely research-based technologies because of their high acquisi-
tion costs and limited commercial availability (2).

Second, image acquisition and interpretation require dedi-
cated training and substantial operator experience. Diagnostic 
accuracy is highly dependent on examiner expertise, particularly 
for confocal microscopy and LC-OCT, emphasizing the need for 
standardized training programs and consensus-based interpreta-
tion criteria (6).

Another important challenge is the lack of standardized re-
imbursement policies and unequal access to advanced imaging 
technologies across different healthcare systems. Although these 
modalities have the potential to reduce unnecessary biopsies and 
improve diagnostic efficiency, their initial implementation costs 
remain considerable and may limit accessibility, particularly in 
resource-constrained healthcare settings (26).

Furthermore, regulatory approval and clinical implementation 
differ among imaging modalities. RCM, OCT, and LC-OCT are sup-
ported by growing clinical evidence and are increasingly integrat-
ed into routine dermatological practice, whereas several emerg-
ing techniques still require large prospective multicenter studies 
before broader regulatory acceptance and clinical adoption can 
be achieved (27).

Finally, although AI has demonstrated considerable poten-
tial for automated image analysis, current algorithms have been 
trained predominantly using datasets generated in highly special-
ized centers. External validation, standardized image acquisition 
protocols, robust multicenter databases, and transparent regula-
tory frameworks will be essential before AI-assisted optical imag-
ing can be safely integrated into everyday clinical practice (24).

Addressing these scientific, technical, economic, and regula-

tory challenges will be essential for translating emerging optical 
imaging technologies from specialized research environments 
into routine dermatological care.

A comparative overview of the principal optical imaging mo-
dalities, including their spatial resolution, penetration depth, ma-
jor clinical indications, and current level of clinical implementa-
tion, is presented in Table 1.

Conclusions

Advanced optical microscopy has substantially broadened the 
diagnostic and monitoring capabilities of skin imaging. Whereas 
RCM, EVCM, OCT, and LC-OCT have become increasingly inte-
grated into clinical dermatological practice, emerging techniques 
such as multiphoton tomography, Raman spectroscopy, optoa-
coustic imaging, and holotomography provide complementary 
structural, functional, and molecular information that may fur-
ther improve diagnostic precision.

Among currently available technologies, RCM and LC-OCT of-
fer the strongest evidence supporting routine clinical application, 
whereas multiphoton tomography, Raman spectroscopy, optoa-
coustic imaging, and advanced multimodal AI platforms remain 
predominantly research oriented because of technical complex-
ity, cost, and limited clinical validation.

Future progress will depend not only on technological inno-
vation but also on standardized imaging protocols, multicenter 
prospective validation studies, regulatory approval, cost-effec-
tiveness analyses, and structured training programs to facilitate 
broader clinical implementation.

The integration of multimodal optical imaging with AI has the 
potential to further improve diagnostic accuracy, reduce unnec-
essary biopsies, and support personalized dermatological care. 
Continued validation in diverse patient populations and real-
world clinical settings remains essential before these technolo-
gies can be widely adopted.

The continued convergence of photonic innovation, computa-
tional imaging, and clinical dermatology is expected to accelerate 
the translation of these modalities into routine practice, allowing 
more precise non-invasive diagnostics and personalized patient 
management.

AI = artificial intelligence, AK = actinic keratosis, BCC = basal cell carcinoma, CE = Conformité Européenne, D-OCT = dynamic optical coherence tomography, 
EVCM = ex vivo confocal microscopy, FDA = U.S. Food and Drug Administration, HT = holotomography, LC-OCT = line-field confocal optical coherence tomography, 
MPT = multiphoton tomography, MSOT = multispectral optoacoustic tomography, NMSC = nonmelanoma skin cancer, OCT = optical coherence tomography, 
RCM = reflectance confocal microscopy, RSOM = raster-scan optoacoustic mesoscopy, SCC = squamous cell carcinoma.

Table 1 | Comparison of advanced optical imaging techniques in dermatology.
Imaging modality Resolution Penetration depth Main clinical indications Clinical readiness
RCM 1–3 μm 200–300 μm Melanoma, BCC, SCC, inflammatory 

dermatoses
Routine clinical practice (FDA-cleared 
systems available)

EVCM ≈ 1 μm Fresh excised tissue Mohs surgery, surgical margin 
assessment

Routine use in specialized 
dermatological surgery centers

OCT 3–15 μm 1–2 mm BCC, AK, inflammatory diseases Routine clinical practice
D-OCT 3–15 μm 1–2 mm Microvasculature, treatment 

monitoring
Specialized clinical centers

LC-OCT ≈ 1 μm lateral ≈ 500 μm BCC, SCC, melanoma, inflammatory 
dermatoses

Increasing clinical adoption (CE-marked 
systems)

MPT Submicron ≈ 200 μm Skin aging, collagen imaging,
research oncology

Research

Raman spectroscopy Molecular Surface–superficial
dermis

Melanoma, NMSC Research / early clinical translation

MSOT/RSOM 20–50 μm 2–5 mm Tumor vascularization, inflammatory 
diseases

Research / limited clinical use

HT Cellular Variable Experimental tissue characterization Research only
AI-assisted multimodal 
imaging

— — Decision support, lesion
classification

Emerging clinical technology



205

Acta Dermatovenerol APA | 2026;35:201-205 Next-gen optical skin imaging

References

1.	 Gust C, Sattler E. In vivo konfokale Lasermikroskopie und melanozytäre Tumor-
en [In vivo reflectance confocal microscopy and melanocytic tumors]. Derma-
tologie (Heidelb). 2025;76:683–7. German.

2.	 Winkler D, Eyssele T, Glanzer A, Wirsching H, Klein E, Welzel J, et al. Use of non-
invasive optical imaging techniques in dermatology. J Dtsch Dermatol Ges. 
2025;23:1430–43.

3.	 Shahriari N, Grant-Kels JM, Rabinovitz H, Oliviero M, Scope A. Reflectance confo-
cal microscopy: principles, basic terminology, clinical indications, limitations, 
and practical considerations. J Am Acad Dermatol. 2021;84:1–14.

4.	 González-Valdés S, Bustos S, Donoso F, Caussade MC, Antunez-Lay A, Droppel-
mann K, et al. Reflectance confocal microscopy reduces biopsies in adults and 
children: a prospective real-life study. J Am Acad Dermatol. 2026;94:120–7.

5.	 Lu Q, Jiang G. Progress in the application of reflectance confocal microscopy in 
dermatology. Postepy Dermatol Alergol. 2021;38:709–15.

6.	 Malvehy J, Pérez-Anker J, Toll A, Pigem R, Garcia A, Alos LL, et al. Ex vivo confocal 
microscopy: revolution in fast pathology in dermatology. Br J Dermatol. 2020; 
183:1011–25.

7.	 Swarlik A, Deußing M, Hartmann D. Digitale Pathologie mittels ex vivo konfoka-
ler Laserscanmikroskopie [Digital pathology using ex vivo confocal laser scan-
ning microscopy]. Dermatologie (Heidelb). 2025;76:135–9. German.

8.	 Deußing M. Line-field-konfokale optische Kohärenztomographie bei mela-
nozytären Tumoren [Line-field confocal optical coherence tomography in mel-
anocytic tumors]. Dermatologie (Heidelb). 2025;76:714–7. German.

9.	 Csuka EA, Ward SC, Ekelem C, Csuka DA, Ardigò M, Mesinkovska NA. Reflectance 
confocal microscopy, optical coherence tomography, and multiphoton micros-
copy in inflammatory skin disease diagnosis. Lasers Surg Med. 2021;53:776–97.

10.	 Schuh S, Ruini C, Sattler E, Welzel J. Konfokale Line-Field-OCT [Confocal line-
field OCT]. Hautarzt. 2021;72:1039–47. German.

11.	 Schuh S, Berger M, Schiele S, Rubeck A, Müller G, González JJV, et al. Dynamic 
optical coherence tomography for imaging acute wound healing. Int Wound J. 
2024;21:e70015.

12.	 Psomadakis CE, Marghoob N, Bleicher B, Markowitz O. Optical coherence to-
mography. Clin Dermatol. 2021;39:624–34.

13.	 Razi S, Kuo YH, Pathak G, Agarwal P, Horgan A, Parikh P, et al. Line-field confocal 
optical coherence tomography for the diagnosis of skin tumors: a systematic 
review and meta-analysis. Diagnostics (Basel). 2024;14:1522.

14.	 Latriglia F, Ogien J, Tavernier C, Fischman S, Suppa M, Perrot JL, et al. Line-field 
confocal optical coherence tomography (LC-OCT) for skin imaging in dermatol-
ogy. Life (Basel). 2023;13:2268.

15.	 Ranjit S, Torrado B, Vallmitjana A, Durkin AF, Dvornikov A, Ganesan A, et al. 
Label-free human skin imaging with enhanced molecular contrast via time-re-
solved fluorescence and advanced phasor analysis. Commun Biol. 2025;9:149.

16.	 Zhao J, Lui H, Kalia S, Lee TK, Zeng H. Improving skin cancer detection by Ra-
man spectroscopy using convolutional neural networks and data augmentation. 
Front Oncol. 2024;14:1320220.

17.	 Delrue C, Speeckaert R, Oyaert M, De Bruyne S, Speeckaert MM. From vibrations 
to visions: Raman spectroscopy’s impact on skin cancer diagnostics. J Clin Med. 
2023;12:7428.

18.	 Chang H, Hur W, Kang, H, Jun BH. In vivo surface-enhanced Raman scattering 
techniques: nanoprobes, instrumentation, and applications. Light Sci Appl 
2025;14:79.

19.	 Messas T, Messas A, Kroumpouzos G. Optoacoustic imaging and potential appli-
cations of raster-scan optoacoustic mesoscopy in dermatology. Clin Dermatol. 
2022;40:85–92.

20.	 Deán-Ben XL, Razansky D. Optoacoustic imaging of the skin. Exp Dermatol. 
2021;30:1598–609.

21.	 Malciu AM, Lupu M, Voiculescu VM. Artificial intelligence–based approaches 
to reflectance confocal microscopy image analysis in dermatology. J Clin Med. 
2022;11:429.

22.	 Cappilli S, Paradisi A, Di Stefani A, Palmisano G, Pellegrino L, D’Onghia M, et 
al. Line-field confocal optical coherence tomography: a new skin imaging tech-
nique reproducing a “virtual biopsy” with evolving clinical applications in der-
matology. Diagnostics (Basel). 2024;14:1821.

23.	 Park Y. Holotomography in 2025: from morphometric imaging to AI-driven multi-
modal phenotyping. arXiv [Preprint]. 2026. doi:10.48550/arXiv.2601.02611.

24.	 Yan S, Yu Z, Primiero C, Vico-Alonso C, Wang Z, Yang L, et al. A multimodal vision 
foundation model for clinical dermatology. Nat Med. 2025;31:2691–702.

25.	 Zafar M, Siegel AP, Avanaki K, Manwar R. Skin imaging using optical coherence 
tomography and photoacoustic imaging: a mini-review. Optics. 2024;5:248–
66.

26.	 Bruno GM, Di Matteo S, Longo C, Stanganelli I, Farnetani F, Borsari S, et al. Cost–
benefit analysis of in vivo reflectance confocal microscopy for melanoma diag-
nosis in a real-world clinical setting. Risk Manag Healthc Policy. 2025;18:163–
72.

27.	 Varga NN, Gulyás L, Meznerics FA, Barkovskij-Jakobsen KS, Szabó B, Hegyi P, et 
al. Diagnostic accuracy of novel optical imaging techniques for melanoma de-
tection: a systematic review and meta-analysis. Int J Dermatol. 2025;64:1813–
24.


