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Interdisciplinary, international, intersectoral dimension of the PhD project 
The PhD project is highly interdisciplinary with innovative developments in optics, instrumentation, 
microfluidics, image analysis and clinical applications. It gathers an international team of three 
partners gathering two academic laboratories and an industrial partner (Laboratoire Charles Fabry 
(Palaiseau), DAMAE Medical (Paris) and University of Latvia (Riga). The co-supervisors (Inga Saknite 
(PhD) (University of Latvia), Jonas Ogien (PhD) (DAMAE medical), Arnaud Dubois (PhD, HDR) and 
Frédéric Pain (PhD, HDR) (Laboratoire Charles Fabry) will share the supervision of the student during 
the whole PhD project and the specific tasks in a detailed workplan.  
Context and Scientific Aims 
Line-field confocal OCT (LC-OCT)1, developed by the company DAMAE Medical is one of the most 
efficient variation of OCT for high resolution imaging of skin, in vivo. LC-OCT combines low coherence 
interferometry and confocal filtering to provide images with high spatial resolution (~ 1 μm) and 
appropriate penetration (~ 1 mm) in skin tissues. LC-OCT generates morphological images of skin 
lesions. It produces vertical and horizontal section images of skin tissues in real time, at a rate of ~ 10 
frames per seconds. The combination of cellular resolution, real-time and in vivo imaging, offers 
tremendous capability for the studying of the dynamics of in vivo skin at the cellular level.  In its current 
implementation LC-OCT imaging of the skin relies mostly on morphological imaging. Methods based 
on laser speckle analysis, in particular Multiple Exposure laser Speckle Imaging (MESI), have proven to 
yield clinically relevant metrics regarding the blood flow dynamics in the skin vessels over large filed 
of views. Nevertheless, MESI cannot provide depth resolved measurement, and its resolution does not 
allow to visualize the smallest skin capillaries.  Adding functional information to the anatomical LC-OCT 
images, in particular depth-resolved dynamic metrics regarding the blood flow in skin vessels and 
capillaries to complement the information yielded by techniques such as MESI, is of great interest for 
a vast range of clinical conditions. 
The aim of the project is to extend the field of LC-OCT to functional imaging methods with metrics, 
with a focus on blood flow imaging and quantitation. Our central hypothesis is that combining LC-OCT 
with multiple exposure speckle imaging (MESI) will allow an unprecedented multiscale 
characterization of in vivo human tissues, providing new insights into the characterization of the macro 
and micro environments of skin tumors, inflammation, and the initiation and progression of chronic 
wounds, where microcirculation impairment is crucial2–4. This multiscale in vivo functional 
characterization, unattainable by any other current technique, will provide a better understanding 
and subtyping of lesions, an earlier diagnosis and an eased monitoring of the treatments efficacy 
eventually leading to personalized therapy based on the in vivo measurement of these parameters. 
Preliminary results obtained at LCF on microfluidic flow phantoms have established the feasibility of 
tracking red blood cells with LC-OCT, in a simple way directly implementable on the commercial system 
developed by DAMAE Medical. Velocity calculation on individual particles was achieved and presented 
the typical parabolic profile of velocities for a viscous fluid in a cylindrical channel. This approach was 
further demonstrated in a small-scale study on skin vasculature, on 5 healthy human subjects, 
demonstrating the feasibility of absolute quantitation of skin blood flow in vivo.16 Yet, no comparison 
to a gold standard was performed, and the validation of the approach based on well calibrated models 
still needs to be done, in particular to find the adequate LC-OCT frame rate for optimal measurements, 



and possibly fine-tune the axial resolution of LC-OCT. Furthermore, the quantification was only 
performed by manually locating cells ins subsequent frames, making it unsuitable for real-time 
quantification of blood flow. The PhD project will aim at addressing these methodological and 
instrumental issues. 
Methods 
Original dynamic metrics will be developed, based on image analysis carried out and evaluated with 
scripts developed in Python and ImageJ macro language. An original imaging device will be built 
combining LC-OCT and MESI for multiscale imaging of microcirculation. This will involve instrumental 
work in optics and opto-mechanics, control of scanners and associated cameras. The characterization 
of the device will be carried out on original phantoms, based on microfluidic channels inserted in 
materials with known optical properties, mimicking biological tissues. MESI data will be integrated in 
the framework of DAMAE medical software (C++), and co-localization algorithms between LC-OCT and 
MESI data will be developed and integrated in this framework.  The work will therefore be divided 
between instrumental work on an optical table, development of computer codes for data analysis and 
experimental validation on phantoms or healthy volunteers of the methods developed. Clinical work 
will be carried out in clinics already equipped with LC-OCT, using the system developed during the 
thesis, and as a backup solution the commercial LC-OCT system already present. MESI will possibly be 
brought to the clinics for co-localized acquisitions. 
Candidate profile 
The PhD candidate has a background in physics or engineering and will earn his/her master’s degree 
in 2025. She/he is strongly interested in the fields of instrumentation, imaging methodologies and data 
analysis. Skills in experimental optics, Python, ImageJ, and previous interactions with biologists and 
clinicians would be a plus but are not a prerequisite. We are looking for a student that is ready to tackle 
the technical and methodological challenges of this interdisciplinary project. Curiosity and intellectual 
openness are essential for integrating concepts from multiple disciplines, along with a strong 
motivation and commitment to the project.  As the project is co-supervised by three different partners 
in two different countries (Laboratoire Charles Fabry, DAMAE Medical, University of Latvia), the 
student should be able to adapt quickly to different working and cultural contexts and a good 
proficiency in English is required. The candidate should possess strong communication skills and the 
ability to collaborate effectively with diverse groups. She/he should be highly organized, capable of 
managing time and tasks independently, and resilient in handling the challenges of working across 
different environments. It is crucial that the candidate get in touch with the supervisors as soon as 
possible to discuss the PhD aims and expectations. 
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