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Statement of purpose: Scaffolding systems as a 

replacement for Extra Cellular Matrix (ECM) of native 

tissue are central to tissue engineering strategies. Native 

ECM consists majorly of fibrous proteins (collagen, 

fibronectin) that regulate cell behavior and physico-

mechanical properties
1
 of the tissue. Electrospun 

polymeric nanofibers have been pursued as ECM 

mimicking scaffolding systems. Since the physical 

characteristics of these nanofibrous scaffolding systems 

can significantly influence cell behavior
2
, it is essential to 

be able to quantitatively characterize structural properties 

of nanofibers such as diameter
3
, alignment, curvature in 

an area that is perceivable by seeded cells. Scanning 

Electron Microscopy (SEM) is commonly used for 

characterizing the morphology of nanofibers, however, 

the digitized SEM images provide only a qualitative 

estimate of the structural properties. For quantitative 

estimation, image analysis is employed in which diameter 

is calculated by manually measuring the width of 

nanofibers in pixel units and converting it to SI unit using 

the scale bar of the SEM image. These types of manual 

measurements are time consuming, prone to human errors 

and can give biased results. For quantification of 

alignment, image analysis of Fourier transform of SEM 

images has been reported, however, this approach can 

provide overall alignment of the selected area indirectly 

and cannot provide individualized angle distribution per 

fiber and hence their curvature. In this paper we report an 

automated Matlab® based image analysis algorithm 

“swim” that can identify individual nanofibers from a 

multifiber SEM image, track them and provide detailed 

information about their structural properties.   

Methods: SEM images (using an FEI Quanta-200 SEM) 

of electrospun nano/micro-fibers of polystyrene (106 

kDa) were used for the study. To avoid the effect of 

change in screen resolution, software for manual 

measurement (Fig 1) was developed using Matlab® 

(R2008a) and the same graphical user interface was used 

for measurements using the developed “swim” algorithm.  

In all studies, all (36) fibers present in the image shown in 

Fig.1 were selected and quantified. 
 

         

 

The algorithm can be divided into 5 basic steps: 

Identification of nanofiber, tracking it along its entire 

length (Fig 2), accurate tracking at overlaps, decision 

making about complete or incomplete tracking, 

classifying selected nanofibers based on their curvature. 

Classification (Fig 3) criteria used by the algorithm for 

curvature of fibers were based on standard deviation in 

their individual angle distribution while fibers less than 10 
µm (assuming such lengths are of less significance in 

ECM mimicking fibers) in length were considered small 

and were assigned a separate class (small). Statistical 

analysis was performed to check if manual diameter 

measurements are prone to human errors (Table 1). Five 

subjects (A-E) were asked to randomly select fibers and 

measure their diameter using manual technique. Control 

diameters for this study were obtained by carefully 

measuring diameter in magnified (4x) SEM images. 

Student t-test was performed to compare the mean 

diameters measured using the above two methods and the 

“Swim” algorithm. Reproducibility of results obtained at 

different magnification of SEM image by manual and 

“swim” were also compared to check robustness of the 

“swim”. For alignment measurements mean angle 

distribution of all fibers was plotted and compared with 

the graph obtained with image analysis of FFT of the 

SEM image.  

Results: The results in Table 1 demonstrated that there 

was no significant difference between diameters (values 

shown in red) obtained by the developed algorithm and 

that obtained by control (p<0.05) while 4 out of 5 manual 

mean diameters were significantly different from control 

(p<0.05). Also the “swim” algorithm could measure 

almost 40 times more measurements in less than 1/3
rd

 

time taken by manual measurements (Table 1). Unlike 

“swim”, reproducibility of results obtained manually was 

found to be significantly magnification dependent (data 

not shown). Graph of angle distribution of fibers 

(alignment) obtained using algorithm corroborated with 

that obtained with FFT analysis (data not shown). 
 

  
 
 

 
 

 

Conclusion: This algorithm can serve as a fast, unbiased 

and automated method for detailed structural 

characterization of electrospun nanofibrous scaffolds. The 

algorithm can potentially be extended to other 

nanofibers/nanowire/nanotube systems that lend 

themselves to SEM imaging. 

References: 
1) Gilberta T Biomaterials. 2008;29:4775-4782.  

2) Chen M. Tissue Eng. 2007;13:579-87. 

3) Christopherson G. Biomaterials. 2008;in press.  

Fig 2: Partially analyzed image showing 

automated complete tracking (boundaries - 

green and centerlines - red) of selected 

nanofibers using the “swim” algorithm. 

Fig 1: Graphical user interface 

developed for manual measurements 

and later advanced for automated 

“swim” algorithm. 

Table 1: Mean nanofiber diameters obtained 

for control, manual (5 subjects – A-E) and 

the algorithm [*average 40 measurements 

per fiber; manual: one measurement per 

fiber. Total 36 fibers measured] 

Figure 3: Classification (curved 

1-5 increasing order of curvature, 

highly curved – curvature > class 

5) and fractional distribution of 

selected fibers. 


