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Morpho-mechanics of collagen superstructures 
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Raman
vibrational modes of molecules
Chemical properties - composition, structure

Fabry - Perot Grating

Brillouin
thermally activated acoustic waves
Mechanical properties 
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First biological applications of Brillouin scattering



G. Scarcelli, S.H. Yun, Nature Photonics, 2, 39 (2007)

Brillouin meets Confocal Microscopy: micro-Brillouin imaging. 



First in vivo application to human eye

G. Scarcelli, S.H. Yun, Opt. Express, 2012

Brillouin meets Confocal Microscopy: micro-Brillouin imaging 



healthy cornea cornea with advanced keratoconus 

Elastography of human cornea
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➢ Contrast > 160dB
➢ Spectral range 0.2 GHz – 2 THz +>200 THz
➢ Resolution better than 0.2 GHz
➢ Time for a measurement 0.5s - minutes  
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Micro Brillouin & Micro Raman @ Perugia



F. Palombo et al., Journal of The Royal Society Interface 2014, 11, 20140739

Anisotropic samples: fibrous proteins of the extracellular matrix 

Biomedical applications: Tissues

type I collagen in rat tail tendon 
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Anisotropic samples: fibrous proteins of the extracellular matrix 

F. Palombo et al., Journal of The Royal Society Interface 2014, 11, 20140739

Biomedical applications: Tissues



Healthy Cornea

Excitation wav.: 840 nm
Detection wav: 420 nm
Detection type: F-SHG
Pixel dwell time: 20 ms
FOV: 300 mm
Sectioning: Sagittal

•The sutural lamellae, immediately below Bowman’s membrane

Morphological information on collagenous tissues by SHG microscopy 

SHG-imaging

R. Mercatelli et al. J. Biophoton. 10, 75-83 (2017)

http://www.nkcf.org/how-the-human-eye-works/

Elastography of human cornea



Collagen morpho-mechanics: correlative SHG & Brillouin microscopy 

Elastography of human cornea

R. Mertcatelli et al., Communications biology 2, 117 (2019)



The heterogeneity in the stiffness displays a striking
conformity with the SHG signal highlighting the ability
of Brillouin spectroscopy to detect individual sutural
lamellae as an elastic modulation inside the tissue.

Collagen morpho-mechanics: correlative SHG & Brillouin microscopy 

http://www.nkcf.org/how-the-human-eye-works/
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Elastography of human cornea

R. Mertcatelli et al., Communications biology 2, 117 (2019)



The enhancement of the elastic modulus found in sutural lamellae has to do with 
morphological rather than biochemical factors.

SHG Brillouin frequency Raman CH2-CH3 Raman OH

Collagen morpho-mechanics: correlative SHG & Brillouin microscopy 

Elastography of human cornea

R. Mertcatelli et al., Communications biology 2, 117 (2019)



Denaturated Type I Collagen
The most ubiquitous structural protein

Basic questions: soft vs. hard, a matter of time
Gelatin (animal glue) as a model system in which the macroscopic physical properties can be 
manipulated to mimic all the relevant biological states of matter, ranging from the liquid to 
the gel and the glassy phase 



M. Bailey et al., Science Advances 6, 
                        eabc1937 (2020)

b = G /q2

(b = hL / r  = M’’/ rw )

Basic questions: soft vs. hard, a matter of time



M. Bailey et al., Science Advances 6, 
                        eabc1937 (2020)
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Basic questions: soft vs. hard, a matter of time



M. Bailey et al., Science Advances 6, 
                        eabc1937 (2020)

Basic questions: soft vs. hard, a matter of time



Basic questions: soft vs. hard, a matter of time



Basic questions: soft vs. hard, a matter of time



Signature of power law divergence of the relaxation time and square 
root singularity of the non-ergodicity parameter (+ secondary 
relaxations) @ a critical polymer concentration x0

x0

Basic questions: soft vs. hard, a matter of time

MCT is able to capture the early stage structural arrest mechanism, even in animal glue



Brillouin light scattering is an “ancient” technique that is gaining 
interest as an optical elastography technique to provide a non-
destructive, non-contact probe of the micromechanics of biological 
matter

Biological matter is a challenging workbench for testing a number of 
fundamental issues, such as the extent of acoustic modes in disordered 
matter, the role of heterogeneity in the propagation and attenuation of 
acoustic modes, the dynamics of hydration water and the nature of the 
structural arrest and of the glass transition

Summary
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