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Scanning electron microscopes (SEMs) are potential tools for morphological research. They
have a great resolution and a high depth of focus, which gives SEM micrographs pseudo
three-dimensionality. Adversely, the high depth of focus prevents accurate dimensional or
spatial measurements on microstructures. Macroscopic objects are viewed close up using
binocular vision. Binocular vision is also used in microscopy where stereophotogrammetry and
related techniques applying stereo paired images, and a variety of hardware tools calculate
the third dimension (z-coordinate) using the parallax.
A method (3D-morphometry) for dimensional and angular measurements of microstructures
examined in the SEM was first developed in our lab in 1999 [1]. It uses digitized stereo paired
images frame-grabbed (slow scan) directly from the SEM’s photo-display, vector
equation-based algorithms for the calculation of spatial coordinates and derived distance- as
well as angular measurements. It comprises dynamic data exchange to MS Excel™ for further
statistical analysis. Mathematical formulas for central perspective depth computation allow the
overall error to be less than 1.0%. Meanwhile (2013), the method was further improved and
the new java based software M3 is suitable to be also used with Windows 7 and 8™ operating
systems. A modern graphical user interface (GUI) (Fig.1), a new data interface (open office) is
supported and an improved usability facilitates the measurement processes [2]. Moreover, the
program allows to generate anaglyphic 3D images (Fig.2).
This technique is currently used to analyse (a) the geometry of microvascular networks in
terms of vascular parameters (i.e. diameters, interbranching distances, branching angles and
intervascular distances) and (b) to determine bifurcation indices and area ratios, in turn to
calculate optimality principles (i.e. principle of minimal lumen volume, minimal pumping
power, minimal lumen surface and minimal endothelial shear force) [3-4] (Fig.3) underlying the
design (in terms of construction, function and maintenance) of arterial bifurcations
respectively venous mergings.
References:
1. Minnich B. et al, Journal of Microsccopy 195 (1999), p. 23-33.
2. Minnich B. et al, in “Current microscopy contributions to advances in science and
  technology”, eds. A Mendes- Vilas and J D Alvarez, Formatex, (2012), p. 191-199.
3. LaBabera M., Science 249 (1990), p. 992-1000.
4. Murray C.D., Journal of General Physiology 9 (1926), p. 835-841.
 

Acknowledgement: This work was supported by the University of Salzburg and by ComServ.at
Austria.



 
Fig. 1: Figure 1. M3 graphical user interface (GUI) showing the morphometry dialog when measuring branching angles of
feeding arteries of the spleen of the adult Xenopus laevis Daudin.
 

 
Fig. 2: Figure2. M3Anaglyphic 3D image representing a
vascular corrosion cast of a microvascular network
examined in an ESEM (FEI XL-30).
 

 
Fig. 3: Figure3. Scatterplot showing an optimality diagram
of the brain microvascular bed (rhombencephalon) of the
sterlet (Acipenser ruthenus). Vascular bifurcation with
indications of vessel diameters and branching angles
(insert).
 


