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Abstract 

Hydroxyapatite (HA) is one of the most common natural biomaterials widely used in medical applications. Full-field optical 
coherence tomography can be used to characterise the internal structures of this material by detection of multiple fringe envelope 
signals. However, the semi-translucent nature of HA and complex spongy aspect is a challenge. We propose here the 
“IMPROVE-Protocol”, combining a hybrid high dynamic range technique, image averaging and dark and flat corrections to 
study HA. The resulting increase in the SNR and improvement in the power of detection of the system allows normally 
unmeasured features to be observed, down to sub-µm in size. 
© 2017 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/ licenses/by-
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Selection and Peer-review under responsibility of conference committee members of EMRS 2016 symposium Light interaction 
with nanomaterials. 

Keywords: Hydroxyapatite layers ; Full-field Optical Coherence Tomography ; high resolution tomography ; image processing ; High Dynamic 
Range ; lateral resolution improvement ; structure detection. 

 

 
 This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike License, which 

permits non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.  
* Corresponding author. Tel.: +33 3 68 85 46 28. 
E-mail address: aleonghoi@unistra.fr  



 A. Leong-Hoï / Materials Today: Proceedings 4 (2017) S36–S43 S37 

1. Introduction 

With the 2014 Nobel Prize for chemistry [1], far field fluorescent optical nanoscopy has been brought to the 
forefront with stimulated emission depletion microscopy (STED) [2] and single molecule microscopy [3] being able 
to reveal intra-cellular details of tens of nm. While fluorescent techniques and other labelling methods such as those 
using gold nanoparticles [4] allow the imaging of very small structures, they are generally very invasive for living 
samples and not applicable for many nanomaterials. There now exists a growing number of unlabelled optical 
nanoscopy techniques, several techniques and principles having already been developed in materials science at the 
beginning of the 1990's [5,6]. Unlabelled superresolution and nanodetection techniques stand out in particular 
amongst optical nanoscopy techniques since they provide respectively real improved resolving power and 
unresolved nanostructure detection power without the use of invasive markers [7–9]. There are a growing number of 
far field optical nanoscopy techniques that do not require labelling but that are capable of resolving nanostructures 
below 100 nm in size or providing useful information of nanostructures down to nm and sub-nm measurement 
sensitivity. Among the nanodetection techniques, high sensitivity phase measurement using interference microscopy 
demonstrates how nanostructured surfaces and structures can be characterized in laser textured stainless steel [10], 
µm defects within thin Mylar polymer films [11] and biomaterials such as polymerized hexamethyldisiloxane 
(PPHMDS) [12] and hydroxyapatite (HA) materials [13]. The latter is the main mineral component of bones and 
teeth and is one of the most common natural biomaterials widely used in medical applications. White-light 
interference microscopy can be used in two main ways to measure HA according to whether observations are 
performed on the surface or inside the layer. First, Coherence Scanning Interferometry (CSI) provides rapid, 
contactless measurements of surface roughness using the single fringe envelope associated with the surface. Second, 
Full-Field Optical Coherence Tomography (FF-OCT) is another associated emerging non-invasive imaging 
technique that can be used to measure the thickness and internal structures of transparent layers by detection of 
multiple fringe envelope signals [13–15]. The Linnik-type interference microscope with high-numerical-aperture 
objectives can be used to provide high-resolution tomographic images [16]. The FF-OCT technique uses a low 
coherence source such as a halogen lamp instead of a laser as in conventional OCT. By analyzing interferometric 
images acquired with a camera, tomographic images can be obtained [17].  

However, the semi transparency of HA, its high surface roughness and complex spongy aspect makes its 
structural characterization a challenge for any technique, even for white-light interference microscopy where the 
interference fringes have low contrast because of the semi-translucent specificity of the material. In addition, there 
are several image degradation sources due to the camera [18,19]. Basic post processing methods, such as image 
averaging, and dark and flat corrections, can be used to improve the quality of the fringe images by increasing the 
signal to noise ratio (SNR) [11]. Likewise, the image contrast can be enhanced with the hybrid High Dynamic Range 
(HDR) technique [20] by combining images with different exposures to obtain images with a greater depth range.  
Indeed, image processing techniques are already widely used in astronomy for the study of stars, galaxies and for the 
detection of exoplanets. The latter objects are very faint unresolved point sources that are initially lost in the image 
noise since they are so close to the star around which they orbit. However their orbits can be resolved, making 
individual exoplanets observable. In order to be able to measure the intensity of the planets, their position and their 
movements, complex procedures have been developed in the chain of image acquisition, post-processing and data 
reduction, thus allowing a significant reduction in the noise and an improvement in the resolution and power of 
detection of telescopes [21]. In the same way, we have begun the development and implementation of an analogous 
rigorous methodology in unlabelled optical nanoscopy, with the same aim of being able to observe separate 
unresolved structures, but in this case, concerning microscopic structures in materials with an FF-OCT system. This 
procedure has been called the “IMPROVE-Protocol” for IMage PRocessing Optimization for fringe Visibility 
Enhancement. 

In this paper we present results obtained on HA layers after applying the developed IMPROVE-Protocol with an 
adapted Leitz-Linnik FF-OCT system to enable normally unmeasured features to be observed. The outcome of this 
procedure is an increase in the SNR of the images and an improvement in the power of detection of the optical 
system, enabling new sub-µm sized structures to be detected. 
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