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A B S TRA   C T
Line-field confocal optical coherence tomography (LC-OCT) is a non-invasive optical imaging technique based on a combination of the optical 
principles of optical coherence tomography and reflectance confocal microscopy with line-field illumination, which can generate cell-resolved 
images of the skin, in vivo, in vertical section, horizontal section and in three dimensions. This article reviews the optical principles of LC-OCT, 
including low coherence interferometry, confocal filtering and line-field arrangement. The optical setup allowing for the acquisition of color 
images of the skin surface in parallel with LC-OCT images, without compromising LC-OCT performance, is also presented. Practical use of LC-
OCT is demonstrated through an overview of the workflow of examining a patient using a commercial handheld LC-OCT probe (deepLive™, 
DAMAE Medical), from creating the patient record in the software, acquiring the images, to reviewing and interpreting the images. LC-OCT can 
generate a significant amount of data, making automated deep learning algorithms particularly relevant for assisting in the analysis of LC-OCT 
images. A review of algorithms developed for skin layer segmentation, keratinocyte nuclei segmentation, and automatic detection of atypical 
keratinocyte nuclei is provided.
(Cite this article as: Ogien J, Tavernier C, Fischman S, Dubois A. Line-field confocal optical coherence tomography (LC-OCT): principles and practi-
cal use. Ital J Dermatol Venereol 2023;158:171-9. DOI: 10.23736/S2784-8671.23.07613-2)
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Non-invasive optical imaging is a valuable tool in der-
matology, specifically for the diagnosis, mapping and 

monitoring of skin diseases. In particular, dermoscopy has 
become a standard tool in dermatological practice,1 as it al-
lows high resolution examination of the skin surface, offer-
ing the possibility to observe relevant features of lesions oth-
erwise not visible to the naked eye. Nevertheless, diagnostic 
accuracy of dermoscopy is dependent upon the degree of 
experience of the examiner,2 and histological examination 
of the skin remains the gold standard for diagnosing skin 
diseases, especially for skin cancer. Histology is generally 
performed on slices of tissue obtained from a biopsy, after 
preparation and using conventional white light microscopy. 
This process requires an invasive procedure, and the result-
ing images can rarely be obtained in real time due to the 
necessary preparation of the sample, yielding a delay be-

tween the biopsy and the examination results, and making 
it complicated to monitor and map lesions, particularly dur-
ing surgery. Therefore, non-invasive optical imaging tech-
niques allowing for “in vivo histology” by providing cellular 
resolution images in depth within the skin non-invasively 
could yield real-time diagnosis, which would enable rapid 
management, while also reducing the number of biopsies 
and giving the possibility to improve lesion monitoring and 
mapping during surgery and follow-up examination.

To date, the main technique used routinely for non-inva-
sive cellular level imaging of skin tissue is reflectance con-
focal microscopy (RCM).3 RCM generates horizontal (en 
face) sections of the skin up to a depth of 200-300 microns, 
giving access to features at the scale of histology. The use 
of RCM has been shown to be able to significantly reduce 
the number of needed biopsies in skin cancer management, 
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tional OCT is a non-invasive optical imaging technique 
that generates vertical section image,19 but whose resolu-
tion does not allow for imaging at the cellular level.20 Like 
OCT, LC-OCT is fundamentally based on low-coherence 
interferometry (LCI). The principle of LCI is illustrated in 
Figure 1A. Light emitted by a broadband source is divided 
between the two arms of a Michelson-type interferometer. 
One arm (reference arm) schematically consists of a retro-
reflector. The other arm (object arm) includes the object to 
be observed (the skin). In the object arm, light penetrates 
into the skin and is backscattered from the skin structures. 
Light reflected from the retro-reflector and backscattered 
from the skin are then recombined on a detector. This re-
combination yields interference if the difference between 
the optical path of the light from the two arms of the in-
terferometer is less than the coherence length of the light 
source. The interference contains information about the 
amplitude of light backscattered by the skin structures 
located at a depth set by the position at which the opti-
cal path difference between the two arms is zero, with an 
axial resolution determined by the coherence length of the 
source. By scanning the length of the reference arm and 
applying appropriate data processing, the depth-profile 
of the backscattered light intensity can be retrieved from 
the interference.21 LCI hence has the potential to generate 
in depth images with high axial resolution, provided the 
source has a broad enough spectrum.

In order to image with high lateral resolution, it is neces-
sary for the interference signal to be acquired using an op-
tical system with high lateral resolution. For this purpose, 
a high-resolution microscope objective can be placed in 
the object arm of the interferometer. The lateral resolution 
is ruled by the numerical aperture (NA) of the objective 
and the central wavelength of the light source spectrum. 
It should be noted that shorter wavelengths (towards blue 
light) lead to higher resolution, but also results in lower 
penetration into the skin. Conversely, longer wavelengths 
(towards red light) lead to lower resolution, but better 
penetration into the skin. For LC-OCT, a compromise be-
tween resolution and penetration was found by using 0.5 
NA microscope objective with a supercontinuum laser22 as 
the light source, centered at 800 nm (spanning from ~650 
to 950 nm), resulting in a lateral resolution of the order of 
1 µm and a penetration of 400-500 microns into the skin.

With the introduction of a microscope objective into the 
system, it is possible to arrange the illumination and de-
tection so that the acquisition is performed in a confocal 
configuration, as in RCM. The principle of the confocal 
configuration is to illuminate a point in the sample (at the 

in particular for melanocytic lesions.4 However, RCM im-
ages are fundamentally different from conventional his-
tology images, which are vertical sections, showing the 
different layers of the skin. This complicates the image 
interpretation for non-experienced users, and is not well 
suited for the diagnosis of certain diseases.5 Furthermore, 
the clinical relevance of RCM has been shown mainly for a 
particular implementation generating mosaic images, cov-
ering a large field of view (8 × 8 mm2),4, 6 but requiring an 
adapter to be positioned on the skin,7 complicating its use 
on non-flat skin surfaces, especially on the face.

Line-field confocal optical coherence tomography (LC-
OCT) was introduced in 2018 as a non-invasive optical imag-
ing technique allowing generation of real-time cellular level 
vertical section images comparable to conventional histol-
ogy images,8 with an improved penetration depth compared 
to RCM.9 Since then, LC-OCT has been improved with new 
imaging modes, allowing for this technology to generate not 
only vertical section images, but also horizontal section im-
ages similar to RCM images10 and three-dimensional (3D) 
images.11 LC-OCT systems have been miniaturized to fit 
within ergonomic handheld probes allowing for an easy ac-
cess of any skin area on the body.11, 12 Eventually, an optical 
system providing a guiding image of the surface of the skin 
at a dermoscopic scale was integrated to LC-OCT, allow-
ing for a precise positioning of the cellular level acquisition, 
without compromising the ergonomics of the probe.13 The 
interest of the technique for the early diagnosis and the ther-
apeutic follow-up of numerous skin diseases, in particular 
cancerous lesions, has been demonstrated.14-18

In this article, we will first outline the optical principles 
of the most recent LC-OCT implementation. Details will 
be given on the optical setup allowing for LC-OCT im-
aging with guiding image acquisition. A second part will 
cover the different imaging modes offered by this imple-
mentation, with corresponding performance in terms of 
resolution, field of view and acquisition speed, illustrated 
by examples of skin images. Then, the focus will be on 
the practical use of a commercial handheld LC-OCT probe 
(deepLive™, DAMAE Medical), from creating the patient 
record in the software, acquiring the images, to reviewing 
and interpreting the images. Eventually, newly developed 
artificial intelligence algorithms for improving LC-OCT 
image analysis will be introduced.

Optical principles of LC-OCT
LC-OCT is based on a combination optical coherence 
tomography (OCT) and reflectance confocal microscopy 
(RCM) with line illumination and line detection. Conven-
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the entrance of the interferometer. This configuration still 
maintains the confocal filtering, but only in one direction 
(a slit is used instead of a pinhole for filtering). Let us note 
that for LC-OCT, the array of pixels of the line-scan cam-
era directly acts as a slit.

With line illumination and line detection, a single scan is 
sufficient for obtaining a two-dimensional image. A verti-
cal image (perpendicular to the surface of the skin) is ob-
tained by moving the whole interferometer axially using a 
piezoelectric stage, while a horizontal image (parallel to the 
surface of the skin) is obtained by scanning the line horizon-
tally, using a galvanometer scanner placed in the object arm 
of the interferometer. In this mode, a piezoelectric chip gen-
erates a phase modulation as required in the data processing 
algorithm used to extract the interference signal amplitude.10

In order to obtain a color image of the skin surface in 
addition to the LC-OCT images, a separate imaging system 
was incorporated into the LC-OCT device. This system in-
cludes a ring of light emitting diodes (LEDs) positioned 

focus of the microscope objective), and to detect only the 
light backscattered from this point by spatially rejecting 
the light coming from outside the focus of the microscope 
objective, typically by positioning in front of the detector 
a pinhole conjugated with the focus of the microscope ob-
jective.23 Such a confocal configuration significantly limits 
the amount of parasitic light reaching the detector, increas-
ing the signal-to-noise ratio of the images.

In order to successfully combine the interferometric de-
tection of OCT with the confocal filtering of RCM, it is 
necessary that the depth corresponding to zero optical path 
difference is identical to the depth at which the light is fo-
cused in the sample. Figure 1B illustrates the combination 
of LCI with a microscope objective in a confocal configu-
ration (combination of OCT and RCM).

LC-OCT is based on an optical arrangement to illumi-
nate the skin with a line of light and to detect the signal 
using a line-scan camera as the detector (Figure 2A). Line 
illumination is achieved by a cylindrical lens placed at 

Figure 1.—A) Schematic of an op-
tical imaging system based on LCI; 
B) schematic of an optical imaging 
system combining LCI and confo-
cal filtering.
BLS: broadband light source; 
OF: optical fiber; C: collimator; 
BS: cube beamsplitter, RR: retro-
reflector; D: detector; MO: micro-
scope objective; L: lens; P: pin-
hole; OPD: optical path difference.

Figure 2.—A) Experimental setup 
of LC-OCT; B) entire setup of LC-
OCT integrating the surface imag-
ing system.
BLS: broadband light source; OF: 
optical fiber; C: collimator; CL: 
cylindrical lens; BS: cube beam-
splitter, RR: retro-reflector; MO: 
microscope objective; F: fold mir-
ror; DF: dichroic filter; PS: piezo-
electric stage; PC: piezoelectric 
chip; GS: galvanometer scanner; 
L: lens; LC: line-scan camera; LR: 
LED ring; AS: afocal system; CO: 
camera with micro-objective.
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is acquired in parallel to each of the three LC-OCT imag-
ing modes, enabling precise localization of the area where 
LC-OCT images are acquired.

Vertical mode

Figure 3 shows a vertical LC-OCT image of healthy skin. 
The field of view of the image is 1.2 × 0.4 mm (x × z). 
Both the axial resolution (in the z direction) and the lateral 
resolution (in the x direction) were measured to be 1.3 µm. 
The imaging speed is 8 frames per second, allowing video 
acquisition. The vertical image allows visualization of the 
upper layers and structures of the skin at cellular resolu-
tion, in a fashion similar to conventional histology. Stratum 
corneum, viable epidermis and dermis can be differenti-
ated, with a clear dermal-epidermal junction (DEJ). Kera-
tinocyte nuclei are clearly visible in the viable epidermis.

Horizontal mode

Figure 4 shows a horizontal LC-OCT image of healthy 
skin acquired at the level of the epidermis (stratum spino-
sum). The field of view of the image is 1.2 × 0.5 mm (x × 
y). The resolution (both in the x and y directions) was mea-
sured to be 1.3 µm. As for the vertical mode, the imaging 

around the microscope objective for illuminating a large 
area of the skin with white light. A dichroic filter mounted 
on the galvanometer scanner separates the portion of the 
spectrum used for LC-OCT (reflected by the dichroic filter) 
and the portion of the spectrum used for surface imaging 
(transmitted by the dichroic filter). The light transmitted by 
the dichroic filter is collected by an afocal optical system, 
and sent towards a color area camera equipped with a mi-
cro-objective. To ensure that the image of the skin surface 
is always in focus, even when the LC-OCT line of light 
is scanned in the axial direction, the focus of the micro-
objective is dynamically and automatically adjusted during 
image acquisition. The LC-OCT images and the images of 
the skin surface can thus be acquired simultaneously. Fur-
thermore, the images are intrinsically co-localized as they 
are acquired simultaneously using the same microscope 
objective, allowing the location of the LC-OCT images to 
always be identified. Figure 2B shows the entire optical 
setup of LC-OCT integrating the surface imaging system.

Imaging modes and performance

LC-OCT offers three imaging modes: vertical mode, hori-
zontal mode and 3D mode. The image of the skin surface 

Figure 3.—Vertical LC-OCT im-
age of healthy skin. Scale bar: 100 
µm.

Figure 4.—Horizontal LC-OCT 
image of healthy skin. Scale bar: 
100 µm.
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are acquired at a speed of 20 frames per second, result-
ing in a duration of 25 s for acquisition of the full acces-
sible field of view. Figure 5 shows a 3D LC-OCT image of 
healthy skin. The volume-rendering visualization makes it 
possible to observe the three-dimensional architecture and 
connections of the structures in the skin at cellular level, 
which is not accessible by conventional histology.

Surface image

Figure 6 shows the surface image associated to the three-
dimensional image of healthy skin previously shown. The 

speed is 8 frames per second, allowing video acquisition. 
The keratinocyte nuclei and the honeycomb architecture 
of the keratinocytes can be clearly visualized.

3D mode

Three-dimensional (3D) images are obtained by stacking 
horizontal images, with a 1 µm step in the axial direction 
between consecutive images. The field of view of the re-
sulting 3D image can be up to 1.2 × 0.5 × 0.5 mm (x × y × 
z), with an isotropic resolution of 1.3 µm. In this mode, the 
horizontal images used for reconstructing the 3D image 

Figure 5.—3D LC-OCT image of 
healthy skin.

Figure 6.—Surface image of 
healthy skin (right) and its associ-
ated 3D LC-OCT image (left). The 
blue rectangle indicates the posi-
tion of acquisition of the LC-OCT 
image. The reticle appears in red.
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created in less than 1 minute by registering his/her demo-
graphic information (first name, last name, date of birth, 
skin phototype, gender, hospital ID) and designating the 
precise lesion location on a designed body mapper.

After applying a drop of paraffin oil on the lesion, the 
probe is gently pressed against the skin. The surface im-
age serves first to target the lesion, then its role is to guide 
the examination and ensure the sufficient coverage of the 
lesion. Despite the fact that the extent of skin lesions gen-
erally exceeds the field of view of LC-OCT, the real-time 
image acquisitions in the vertical and horizontal modes at 
8 frames per second combined with the guiding surface im-
age allows for easy and fast coverage of the entire lesion.

A button on the handle of the probe is used to start re-
cording images and to switch between the different imag-
ing modes. Another button allows the user to adjust the 
position of acquisition in the vertical mode or the depth 
of imaging in the horizontal mode, with a 1 µm precision.

The recommended imaging acquisition protocol de-
pends on the expected nature of the lesion. The vertical 
mode is well-suited to assess the presence of lobular struc-
tures and their position relative to the epidermis (connect-
ed or separated), the appearance of the dermo-epidermal 
junction (preserved or destroyed), and the position of cel-
lular atypia in the epidermis (near the basal layer or in 
pagetoid ascent). Conversely, the horizontal mode is more 
effective in analyzing the regularity of the keratinocyte 
network or revealing the presence of dendritic cells, which 
are preferentially distributed in a horizontal plane parallel 
to the skin surface. Therefore, the vertical mode is primar-

field of view of the image is a disk of diameter 2.6 mm. 
The resolution of 5 µm of the surface image enables the 
observation of the same features as in conventional der-
moscopy, and therefore provides a direct link between the 
LC-OCT examination and the dermoscopic examination. 
The LC-OCT images can thus be acquired in regions of 
interest identified with dermoscopy. On the surface image, 
a marker indicates the position of acquisition of the LC-
OCT images: a red line in the vertical mode, a blue rect-
angle in the horizontal and 3D modes, allowing easy posi-
tioning by the user. When reviewing the LC-OCT images, 
a reticle allows the user to associate a point in the LC-OCT 
images to a point in the associated surface images.

Practical use of LC-OCT

The LC-OCT optical setup can be compacted enough to 
be integrated inside a handheld probe. Figure 7A shows 
the LC-OCT probe developed by DAMAE Medical (deep-
Live™), integrating the three imaging modes previously 
described. The probe weighs less than 1.2 kg, and can be 
easily positioned on any parts of the body. A drop of par-
affin oil must be placed onto the skin before imaging, in 
order to ensure the optical contact between the probe and 
the skin. The probe is linked to a small footprint central 
unit mounted on a standard medical cart. Figure 7B shows 
the full deepLive™ system.

DAMAE Medical has developed a user-friendly soft-
ware that allows the acquisition of LC-OCT images and 
their intuitive storage in patient files. A patient file can be 

Figure 7.—A) DeepLive™ LC-
OCT probe used on a patient; B) 
full deepLive™ system.

A B
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Artificial intelligence algorithms 
for LC-OCT image analysis

Owing to the real-time and 3D imaging capabilities of LC-
OCT, automated deep learning algorithms can be particu-
larly useful in the analysis of LC-OCT images. The use of 
deep learning algorithms can save a significant amount of 
time in terms of annotations and review for medical doc-
tors and can perform tasks that cannot be done manually 
in a reasonable time.

DAMAE Medical has developed several deep learning 
algorithms, in particular for the segmentation of skin lay-
ers and keratinocyte nuclei. These algorithms enable the 
automatic segmentation of the different skin layers imaged 
by LC-OCT (stratum corneum, viable epidermis and der-
mis) in both vertical mode and 3D mode. The segmentation 
of the viable epidermis and dermis yields a segmentation 
of the DEJ. Moreover, the segmentation of keratinocyte 
nuclei in a 3D LC-OCT image can be performed using 
StarDist algorithm24 in less than two minutes, whereas it is 
infeasible by hand since a single 3D LC-OCT image can 
count more than 40,000 cells. Figure 8 shows an example 

ily used for diagnosing basal cell carcinomas (BCCs), ac-
tinic keratoses (AKs), squamous cell carcinomas (SCCs), 
or inflammatory lesions, while the 3D mode is preferred 
for atypical melanocytic lesions, as both vertical and hori-
zontal analyses provide complementary information.

Typically, the examination of a patient using deep-
Live™ and the previously described workflow lasts be-
tween 5 and 10 minutes.

After examination, LC-OCT images with their associ-
ated surface images can be reviewed using deepLive™ 
software. 3D images can be displayable according to two 
different views: simultaneous XZ and XY planes or vol-
ume-rendering. For specific needs, various custom image 
processing algorithms are available to facilitate image re-
view and analysis.

Additionally, deepLive™ software allows for the regis-
tration of clinical suspicions, LC-OCT diagnosis, patient 
management, and histological diagnosis to facilitate pa-
tient follow-up. The architecture of the patient database 
makes it possible to find an existing patient and add an 
additional lesion, or add a follow-up examination on a pre-
existing lesion.

Figure 8.—Deep-learning segmentation algorithms applied to a 3D LC-OCT image of healthy skin (top left and bottom left). The segmentation of 
the interface between the different skin layers is displayed (yellow = skin surface, brown = interface between stratum corneum and viable epidermis, 
green = DEJ). The segmentation of the keratinocyte nuclei is also displayed, with a color coding depending on their volume (green = smaller nuclei, 
red = larger nuclei). The segmentations are also shown on cuts along three different planes: XY (top right), XZ (middle right), YZ (bottom right).
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