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3D imaging: optical sectioning required



Optical sectioning in confocal and two-photon excitation 

fluorescence microscopy



Current use of 3D microscopy in dermatology

VivaScope: Lucid’s confocal microscopy

Note: Does not offer chemical selectivity!



Current use of 3D microscopy in dermatology

VivaScope: Lucid’s confocal microscopy

Possible applications, advantages:

☺☺☺☺ Precise, non-invasive, in vivo determination of tumor borders 

☺☺☺☺ Immediate pathological results, no need for waiting results from a pathologist.



Current use of 3D microscopy in dermatology

DermaInspect: JenLab’s scanning 2P microscope system

Applications claimed:

Melanoma detection, cosmetic research, drug monitoring, etc.

Laser source: mode-locked Ti:sapphire (Mai Tai, Newport)

Price of the whole imaging system: ~300 kUSD



Nonlinear microscopy in dermatology

Layers of epidermis

dermis

epidermis

dermis

hipodermis, 

subcutis



Hanson et al., Photochemistry and Photobiology, 2009., (85:33-44)

Nonlinear processes applied :

• TPEF – two photon excitation 

fluorescence

(elastin, keratin, NADH)

• SHG – second harmonic generation

(collagen)

• CARS – coherent  anti-Stokes Raman 

scattering (lipids)

In vivo label free imaging of the skin

Endogeneus skin chromophores

NOTE: SEE MOVIE!



3D imaging of the skin by nonlinear microscopy 

str. corneum: keratin (TPEF) str. spinosum: NADH (TPEF) str. basale: NADH (TPEF)

dermis: kollagén (SHG) subcutis: adipocytes (CARS)

felszín z = 50-100 µm

dermis: elasztin (TPEF)



Main system components of an industry standard, scanning 3D 2PEF microscope

● A broadly tunable, pulsed Ti:sapphire laser

● A laser scanning microscope (e.g, LSM 7MP) 



Costs:

- Tunable, femtosecond pulse Ti:sapphire laser > 100 kUSD

- A tabletop scanning 2PEF microscope > 100 kUSD (Carl Zeiss, Nikon, etc.)

- Vibration isolated table, climatization required

Typical cost of a scanning 3D nonlinear microscope



Our FiberScope development project: R&D targets

● Reduce the cost of the pulsed laser applied

● Deliver the ligth for measurements through optical fiber (fiber delivery)

● Small size scanning microscope head (handheld device)

● In vivo 3D measurements: laser safety issues

● Applications in dermatology and nanomedicine



Project aims  

● Drastically reduce the cost of pulsed laser applied for nonlinear imaging

● Fiber delivery, fiber integration

The solution: mode-locked Yb-fiber laser

Benefits:

● Small size

● Fiber integration is easy

● Lower cost

Drawback:

● Limited tunability ( 1020-1060 nm)



J. Fekete, A. Cserteg, Szipőcs; All-fiber, all-normal dispersion ytterbium ring oscillator, Laser Physics Letters 6, 49-53, 2009

Photo of our prototype, all-fiber Yb-fiber laser in 2009



Optical design of the scanning microscope head of the FiberScope 

FiberScope nonlinear microscope

Csákányi A, Szipőcs R: Fiberscope pásztázó nemlineáris mikroszkóp optikai rendszerének tervezése, 

Kvantumelektronika 2014, Budapest, 28.11.2014, Paper P64.



Photo of the 2MHz Yb-fiber laser 

system used as a pulsed laser light 

source of our FiberScope device

Photo of the scanning microscope 

head of the FiberScope device  

with plastic covering

FiberScope nonlinear microscope



How to extend the tuning range of an Yb-fiber laser?

● Design and manufacturing of solid core optical fibers with special 

dispersion properties

● Modelling propagation of optical pulses in these special fibers

● Experimental verification

Várallyay Z, Szipőcs R, Stored Energy, Transmission Group Delay and Mode Field Distortion in Optical Fibers, 

IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS 20, 0904206/1-6 (2014)

Frequency conversion in optical fibers



● Higher peak intensities required: reduction of repetition rate and 

amplification of the pulses are needed

Left: Photo of a red laser beam exiting the photonic crystal fiber being connected to a 2 MHz repetition rate 

Yb-fiber laser with output power of 200 mW. Right: the same recorded by an IR camera

Extending the tuning range of an Yb-fiber laser



Laser safety issues

• Possible damage mechanisms: 

thermal or photochemical

• Detection of photochemical damage: 

like in case of UVB damage

• Fluorescent labelling of cyclobutane 

pyrimidin dimers in DNA
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APPLICATIONS OF 3D MIROSCOPY IN DERMATOLOGY

Bognar P, Nemeth I, Mayer B, Haluszka D, Wikonkal N, Ostorhazi E, John S, Paulsson M, Smyth N, Pasztoi M, Buzas E, Szipocs R,

Kolonics A, Temesvari E, Karpati S: Reduced inflammatory threshold indicates skin barrier defect in transglutaminase 3 knockout mice.

J INVEST DERMATOL 134, 105-111. (2014)

Penetration of FITC through stratum corneum in TGM3/KO and WT mice skin



Investigating psoriasis – AF + CARS measurements

keratinocites– „bricks” 

lipids – „mortar”

in vivo CARS



APPLICATIONS OF 3D MIROSCOPY IN DERMATOLOGY

Haluszka, D., Lőrincz, K., Molnár, G., Tamás, G., Kolonics, A., Szipőcs, R., Kárpáti, S. and Wikonkál, N. M: „In vivo second-harmonic

generation and ex vivo coherent anti-stokes Raman scattering microscopy to study the effect of obesity to fibroblast cell function using

an Yb-fiber laser-based CARS extension unit,” Microsc. Res. Tech. 78, 823–830 (2015)

In Vivo Second-Harmonic Generation and Ex Vivo Coherent Anti-Stokes Raman 

Scattering Microscopy to Study the Effect of Obesity to Fibroblast Cell Function



• Collagen, as marker

• Ex vivo samples, immediately after surgery

Investigation of basalioma 

APPLICATIONS OF 3D MIROSCOPY IN DERMATOLOGY



SHG intensity of collagen as the  funtcion of repetition rate of our Yb-fiber laser 

(average power: ~5 mW, pixel dwell time: 5 µs)

Using FiberScope for collagen detection 

APPLICATIONS OF 3D MIROSCOPY IN DERMATOLOGY



Safety issues: imaging at 5 mW laser power (power of a laser pointer)

APPLICATIONS OF 3D MIROSCOPY IN DERMATOLOGY



APPLICATIONS IN NANOMEDICINE



APPLICATIONS IN NANOMEDICINE



Using FiberScope 3D imaging for Nanomedicine 

In vivo penetration measurement of Alexa-labelled DermaVir nanoparticles (AF546-DV)  into the skin of a mice 

using our  FiberScope device using a 2 MHz Yb-laser operating at ~1030 nm after one hour of the treatment.    

It can be seen that the AF546-DV accumulated in Lagerhans cells.

APPLICATIONS IN NANOMEDICINE



SUMMARY

1. A PROTOTYPE OF AN OPTICAL FIBER LASER BASED, HANDHELD 3D 

NONLINEAR MICROSCOPE SYSTEM NAMED FiberScope HAS BEEN 

DEVELOPED

2. IT IS SUITABLE FOR NON INVASIVE, LABEL FREE, IN VIVO 3D IMAGING 

OF THE SKIN UP TO A FEW 100 μm THICKNESS

3. APPLICATIONS IN DERMATOLOGY AND NANOMEDICIDE HAS BEEN 

DEMONSTRATED

4. MODERATE COST OF ~ 50kUSD (compared to DermaInspect)

5. STILL NEEDS FDA APPROVAL FOR IN VIVO HUMAN INVESTIGATIONS

6. MASS PRODUCTION CAN CONSIDERABLE CUT MANUFACTURING COST


