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ABSTRACT 
This paper proposes a new technique for the analysis of re-
nal biopsies stained with Sirius red and digitized under non-
polarized light. The renal interstitial space, the cortex area 
and the tubules should be segmented to allow the estimation 
of the renal cortical interstitial volume fraction and the pa-
rameters characterizing the tubule distribution. In this paper, 
a totally automatic algorithm is proposed that relies on 
mathematic morphology tools. The proposed algorithm has 
been assessed in a large number of biopsies leading to simi-
lar results to those obtained by the manual approach. 

1. INTRODUCTION 

This paper proposes a new technique for the analysis of re-
nal biopsies stained with Sirius red and digitized under non-
polarized light. The renal interstitial space, the cortex area as 
well as the tubules should be segmented to allow the estima-
tion of the renal cortical interstitial volume fraction and the 
parameters characterizing the tubule distribution.  
 
The estimation of the interstitial space is usually performed 
either manually (point-counting technique) or using semi-
automatic algorithms that require several correction steps, 
being both approaches very tedious and time consuming. 
Previous techniques for automatic [1] or semiautomatic [2, 
3] quantification of interstitial areas and tubules morphome-
try have rely on morphological tools [4]. Nevertheless, the 
results of these techniques are not fully satisfactory since 
they require very strict conditions in the staining process or 
a non-negligible amount of human interactions. In this pa-
per, a totally automatic algorithm is proposed. It relies on 
mathematic morphology tools which take advantage of the 
different visual features of the various elements to be seg-
mented in the image.  
 
Figure 1 presents two typical examples of non-polarized 
Sirius red stained renal biopsies. Red structures in Figure 1 
correspond to the renal interstitial space. In regular areas of 
the tissue, the renal interstitial space mainly corresponds to 
the walls of the tubules. However, in some areas, renal inter-
stitial damage can be observed in terms of tubular atrophy 
and interstitial widening. These areas in which the tubular 
distribution is not regular have to be computed as interstitial 
zone, in spite of not forming a homogenous, dense tissue. 

 

 
(a) (b) 

Figure 1: (a) Original image. (b) Original image. 
 

The paper is structured as follows. After this brief introduc-
tion, Section 2 details the main steps of the analysis algo-
rithm. To illustrate the various steps, partial results of the 
algorithm when applied to the image in Figure 1.a are inter-
leaved with the algorithm description. For presentation pur-
poses, the inverse images are shown throughout the com-
plete paper. Section 3 discusses the results and, finally, Sec-
tion 4 presents the conclusions and current work. 

2. ANALYSIS ALGORITHM 

The proposed technique deals with the non-polarized ver-
sion of the Sirius red stained renal biopsies. The algorithm 
can be divided into three main steps: 

• Pre-processing including a colour transformation and a 
simplification step. 

• Image segmentation based on an adaptive threshold. 
• Segmentation refinement using an area filter and the wa-

tershed algorithm. 
In the sequel, these three main steps are detailed. 

2.1 Pre-processing  
Non-polarized Sirius red stained renal biopsies present a 
colour distribution that allows the application of a simple 
colour transformation which preserves the interstitial infor-
mation. This way, the image is transformed from a 3D space 
(RGB) to a 1D space (I) and the complete segmentation 
process is carried out on this new image. The used transform 
is given by: 
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Figure 2 presents the results of the pre-processing step. In 
Figure 2.a, it can be observed the fact that all the original 
structures are correctly preserved by the colour transform. On 
this image, and in order to homogenize the damaged intersti-
tial areas, a simplification step is applied. The selected filter 
is a closing by reconstruction (ϕ rec) [4] and its effect is illus-
trated in Figure 2.b. The behaviour of the filters by recon-
struction is discussed in the next subsection in a simpler (bi-
nary) case. 
 

 
(a) (b) 

Figure 2: (a) Colour transformation. (b) Simplification step. 
(For illustration purposes, inverse images are presented)  

The size of the structuring element used in the filtering proc-
ess depends on the image resolution. The filter should ho-
mogenize the damaged interstitial areas while preserving the 
tubules. For this image magnification, the filter size has been 
set by the physicians to 7x7 pixels.  

2.2 Image segmentation  

2.2.1 Basic principles 
The segmentation algorithm is based on the morphological 
operator opening by reconstruction (γ rec). This operator, 
applied on binary images, allows the perfect reconstruction 
of those connected components in a reference image which 
have been selected in a marker image. In this work, pixels in 
connected components are set to 255 (0 in the images). In 
this context, a component in the reference image (R) is said 
to be selected if at least one of its collocated pixels in the 
marker image (M) is set to 255. The implementation of this 
operator is given by the following expression: 

 

U
n

n
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in which δR

(n)(X) represents the geodesic dilation of the set 
M within the reference R with a ball of size n. 
 
The opening by reconstruction operator allows the imple-
mentation of adaptive threshold techniques. The reference 
image is created by imposing an unrestrictive threshold that 
preserves the complete desired structure (the interstitial 
area) but may include some other elements (some areas 
within the tubules). In turn, the marker image is created by 
using a more restrictive threshold that only preserves a par-
tial representation of the desired structure. The opening by 
reconstruction will reconstructed the complete interstitial 
zone while removing the elements in the tubule interior. 

2.2.2 Threshold selection 
In this application, the unrestrictive threshold can be ob-
tained as an estimation of the image background value of the 
simplified image (S). This estimation is found by performing 
an opening of the image with a large structuring element that 
removes all the structure information (interstitial zone). The 
background value is estimated by the median value of the 
resulting image. In order to speed up the algorithm, the 
opening is not performed over the complete image but only 
in a few image lines (typically, three). 
 
The more restrictive threshold is obtained as an estimation 
of the interstitial value. Initially, the dual operation of the 
previous one is performed: a closing with a large structuring 
element that removes all the background information. The 
median value of the resulting image (m) provides with a first 
estimate of the interstitial zone.  
 
To improve the estimation of this parameter, a top-hat trans-
form (τ) with a small opening by reconstruction (5x5 pixels 
structuring element) is performed on S:  
 

),()( SSSS recγτ −=  
 

The top-hat transform detects all the small, bright compo-
nents in the image; that is, the interstitial zone as well as 
noisy bright peaks in the image. To compute a robust esti-
mate of the interstitial value, all peaks preserve by the top-
hat having a grey level value larger than m in the original 
image are kept. The restrictive threshold is obtained by 
computing the mean value of the remaining peaks. 
 
The results of these operations are presented in Figures 3 and 
4. Figure 3 shows the selection of the interstitial areas that 
will be used in the estimation of the restrictive threshold. The 
removal of all thin, bright components is presented in Figure 
3.a, whereas Figure 3.b shows the selected areas. Note that 
only a few wrong pixels are preserved in this image which 
allows a very robust foreground level estimation. 
 

 
(a) (b) 

Figure 3: (a) Opening by reconstruction. (b) Selected areas. 
 
In turn, Figure 4 shows the binarization results obtained us-
ing both thresholds. Figure 4.a presents the result of the less 
restrictive threshold. It can be seen that the selected struc-
tures are almost a superset of the desired structures (the inter-
stitial area). Figure 4.b presents the result of the more restric-
tive threshold. As expected, the result is a subset of the de-
sired structures. 
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(a) (b) 

Figure 4: (a) Restrictive and (b) unrestrictive binarizations. 

2.2.3 Final segmentation 
As previously commented, the two binary images are com-
bined using an opening by reconstruction to obtain the final 
interstitial zone. The result is presented in Figure 5, where 
the original image is also shown for comparison purposes. 

 

 
(a) (b) 

Figure 5: (a) Original image. (b) Interstitial area. 

2.3 Segmentation refinement  
As shown if Figure 5.b, the segmentation of the interstitial 
area is very accurate. It has to be noticed that the proposed 
technique is able to cope at the same time with very fine 
structures (as the tubular walls) and segment the damaged 
interstitial areas in spite of their heterogeneous textures. The 
final segmentation (that is, the assignment of a single label 
to all the interstitial area and a different label to every tu-
bule) can be easily obtained from this result since the objects 
are (almost in all cases) represented by individual connected 
components.  
 
Nevertheless, further improvement is still possible since 
segmentations may present two problems: 

• Some isolated, small components are classified as being 
part of the interstitial area. 

• A few tubular walls are not completely detected and 
pairs of tubules may be merged into a single component. 

The first problem can be easily solved by means of an area 
filter, which removes all connected components smaller that 
a given value. 
 
In order to solve the second problem, a marker-based water-
shed algorithm has been applied [4, 5]. In this technique, all 
regions in the previous segmentation representing tubules are 
eroded. Erosion will divided into two different connected 
components those regions representing two tubules that have 
been merged due to the lack of detection of part of their wall. 

On the other hand, those connected components representing 
a single tubule will only be shrunk, due to the smooth shape 
of tubules. This way, after erosion, every tubule is repre-
sented by a single connected component which is used as a 
marker in the watershed process.  
 
The marker-based watershed can be understood as a region 
growing algorithm. In this application, all the regions repre-
senting the tubules as well as the region representing the in-
terstitial zone are grown to cover the uncertainty area that has 
been created when eroding the initial tubule regions. The 
growing process can be performed taking into account any 
local features of the image. In this application, the grey level 
values of the simplified image (S) have been used. 
 
The result of this process is presented in Figure 6. For 
illustrating this step, since the image in Figure 1.a did not 
present very relevant problems in this aspect, we have used 
the image in Figure 1.b.  In Figure 6, it can be seen that, 
although the pixel values on some areas of the tubule wall are 
so low that they cannot be correctly segmented (see Figures 
6.a and 6.b), the use of the marker-based watershed approach 
allows the system to recover from these errors (Figure 6.c). 
The final interstitial segmentation is presented in Figure 7.a. 
 

 
 (a) (b) (c) 

Figure 6: (a) Zoom on the simplified image. (b) Tubular 
walls not detected. (c) Final interstitial segmentation 

2.4 Cortex segmentation  
Finally, in order to estimate the renal cortical interstitial vol-
ume fraction, the complete cortex area has to be computed. 
This result can be easily obtained from the final segmenta-
tion achieve in the previous step. An opening by reconstruc-
tion is applied using as reference image the interstitial seg-
mentation and as marker image an image with only the 
frame (the whole image set to 255 and the frame set to 0). 
The fact of using the frame as a marker ensures that tubules 
partially represented in the biopsy are removed from the 
final cortex area, as it can be seen in the cortex segmentation 
presented in Figure 7.b. 
 

 
(a) (b) 

Figure 7: (a) Interstitial and (b) Cortex segmentation. 
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3. RESULTS 

The proposed algorithm has been assessed in a large number 
of biopsies leading to similar results to those obtained by the 
manual approach. In this section, the typical results are 
commented based on the analysis of four different images. 
 

 
(a) (b) 

 
(c) (d) 

 
(e) (f) 

   
(g) (h) 

Figure 8: (a, c, e, g) Original images. (b, d, f, h) Interstitial 
segmentations. 

The results shown in Figure 8 assess the robustness of the 
proposed system with respect to the various possible scenar-
ios. The four examples represent different staining and illu-
mination conditions that lead to a variation of the basic col-
ours present in the biopsy. In spite of that, the final results 
are correct which validates the pre-processing step and, con-
cretely, the colour transformation.  

In addition, the degree of damaged interstitial areas and their 
type (texture and homogeneity) largely differs among the 
various images. Nevertheless, the final interstitial segments 
are well defined which demonstrate the correct selection of 

the methodology and, specifically, the correct choice of the 
filter sizes. 

Finally, it has to be highlighted that the presence of elements 
in the biopsy which are neither interstitial area nor tubules is 
correctly handled by the algorithm. This way, the presence of 
a vase in Figure 8.a and of glomeruli in Figures 8.c and 8.g 
are accurately classified. 

4. CONCLUSIONS AND CURRENT WORK 

The proposed technique has been successfully tested on the 
database of renal biopsies of the Department of Nephrology 
of the Ciutat Sanitària i Universitària de Bellvitge. Cur-
rently, the method is being tested using the databases of 
other institutions to assess its compatibility. The goal is to 
develop a protocol for the creation of such biopsies (type of 
illumination, magnification, staining process …) that will 
minimize the risk of their automatic analysis. 

In addition, extensions of this technique have being con-
ducted to complete the study of the Sirius red stained biopsy 
database. This way, the polarized light versions of the data-
bases have been analyzed to compute either additional pa-
rameters or to further verify the obtained ones [6]. 

Finally, we are currently developing classification techniques 
in order to determine the presence of other elements apart 
from tubules in the biopsy (typically vases and glomeruli). 
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