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Abstract. Probe-based Confocal Laser Endomicrocopy (pCLE) enables imag-
ing the colorectal mucosa for screening and surveillance of cancer. Analyzing
acquired videos relies on subjectivity of the endomicroscopists. Quantitative
criteria are needed to enhance the diagnostics obtained using pCLE. We present
Motiro, an automatic framework to extract features of the colorectal mucosa
imaged by pCLE. Morphometric features of the crypts of the healthy colorectal
mucosa are analysed and their variability quantified using the Shannon entropy.
Hellinger distance compares the statistics of a morphometric parameter in mul-
tiple mucosas (or mucosas’ regions). Quantification of variability of the healthy
mucosa is a prerequisite for pCLE-based early diagnostics of colorectal cancer.

1. Introduction
The use of pCLE to image the colorectal mucosa enhanced screening and post-
neoadjuvant surveillance of colorectal cancer (CRC) [Kiesslich et al. 2004]. pCLE videos
aid endoscopists to classify population groups accordingly with their probabilities of
developing a CRC[Gupta et al. 2020], e.g. by aberrant crypt foci quantification for
inference of recurrence [Uchiyama et al. 2012] and neoplasms[Kowalczyk et al. 2020]
chances. Computational tools to aid on the analysis of pCLE videos of the colorectal
mucosa[Karstensen 2016] have been developed for classification of polyps[André 2012]
and morphometric analysis of its crypts using a non-automatic set of programs based
on softwares Icy and ImageJ[Quénéhervé et al. 2019]. In this short paper we present
Motiro1, a Python-based automatic framework for feature extraction and statistical char-
acterization of the morphometry of the healthy colorectal mucosa imaged by pCLE at pre
(R) or post (T) neoadjuvant treatment. Architectural variability of a healthy mucosa is

1From Tupi-guarani, the language of native Brazilians, meaning a reunion for building.



smaller than in earlier stages of CRC. Motiro computes the differential Shannon entropy
(and Hellinger distance) to quantify the disorder of a feature’s histogram (and overlay of
histograms). Motiro enables automatic feeding of a database of morphological features of
images of colorectal mucosa to be jointly used with clinical data[Kowalczyk et al. 2018]
for: i) developing computer-based techniques for earlier diagnosis of CRC; ii) search for
optimal screening and surveillance agenda for CRC patients[Gupta et al. 2020].

2. Methods and Materials
Motiro’s input are single channel real-time in vivo pCLE videos of colorectal mucosa.
pCLE detects fluorescence intensities of intravenously injected fluorescein protein. A
probe is inserted through the endoscope’s working channel into the rectum a few min-
utes after fluorescein injection to acquire 103× magnified images of the colorectal mu-
cosa of CRC patients at 12 frames/s. The study protocol was approved by the ethical
committee of the University of São Paulo School of Medicine at the Cancer Institute of
the State of São Paulo (registered at ClinicalTrials.gov: NCT02284802). All patients
signed the informed consent. Videos of the healthy colorectal mucosa at R and T mo-
ments were used to build the mosaics used for automatic feature extraction and statis-
tical characterization. Motiro combines tools from Open Source Computer Vision Li-
brary (OpenCV)[Bradski and Kaehler 2000], and ImageJ plugin Register Virtual Stack
Slices[Arganda-Carreras et al. 2006] in three stages: 1. it receives pCLE videos as in-
put, dismantle the videos into frames that are stitched to generate a mosaic, that is pre-
processed and segmented using k-means algorithm; 2. the crypts of the mucosa are ap-
proximated by ellipses, morphometric analysis is done estimating their perimeters, area,
axis ratio, elongation factor, roundness, sphericity, maximal Feret diameter, and crypt-to-
crypt distances; 3. the statistics of morphometry is done and the Shannon entropy and
Hellinger distance between histograms of features built for R and T videos are computed.

3. Results and Discussion

Figure 1. Panel of feature extraction process and morphometric data generated
using Motiro. A-F show the automatic estimation of crypts’ contours (green). G-
O show the distribution of the assessed morphometric features of crypts from
healthy mucosa of R and T mosaic images.

Fig. 1A shows a mosaic which irregular geometry results from the imaging acqui-
sition process: the sensibility of the probe and absence of reference points causes a ma-
neuvering variability. Application of contrast enhancement and noise removal highlights



the crypts from background as shown in Fig. 1B. Fig. 1C shows a segmentation of the
crypts and surrounding stroma. Application of morphological operations and application
of convex hull to smooth the crypts’ goblet cells is shown in Fig. 1D. Fig. 1E shows the
elliptical contours estimation of the crypts’ surrounding after the convex hull. Inspection
of Figs. 1E and 1C indicates the similarity of the elliptical estimates to the segmented
crypts after removal of noise of the stroma and irregularities of the crypts’ boundaries.
Fig. 1F shows a comparison between Motiro (red) and Icy’s[de Chaumont et al. 2012]
(green) contours estimation overlaid to the original mosaic. Figs. 1G-1O shows the sta-
tistical characterization of morphometric features of the crypts, the superposed blue and
beige histograms summarize data for R and T mosaic images, respectively, after outliers’
removal whereby the values bellow first quartile plus 1.5 × the interquartile range (IQR)
and above third quartile plus 1.5 × IQR were indicated as outliers. The prevalence of
single mode histograms and similarity between R and T mosaic images indicate the regu-
lar structure of the healthy mucosa. For the histograms of the features presented in Figs.
1G-1O, the calculated Hellinger distance between the histograms of R and T mosaic im-
ages ranges from 0.230 to 0.407 and it is fair to conclude that there is a good similarity
on the morphometry of the healthy mucosa in both images. We compare the differential
entropy of each histogram to their corresponding uniform and it is less than 0.848. That
reinforces our conclusion that the evaluated healthy mucosa has a high degree of order de-
spite their intrinsic variability. The morphometry analysis presented has been performed
by Quénéhervé et al.(2019) (QA) using Icy and ImageJ softwares separately. Because the
contours of the crypts are obtained manually in QA, we assume them gold-standard. The
mean relative difference between estimates for the morphometric features obtained using
Motiro and QA is 0.167. That demonstrates the viability of the automatic segmentation
of pCLE videos of the healthy colon’s mucosa. The learning curves of Motiro, executed
from terminal, and QA, executed on graphical user interface (GUI), are similar. However,
Motiro has new functionalities combined in one framework for pCLE videos analysis, is
automatic and is 5.7 × faster than QA with heuristic algorithm to evaluate crypts. The
time complexity of the most expensive Motiro’s function isO(n2) andO(2n) for heuristic
and exhaustive search algorithm, respectively, where n is the number of crypts segmented.
Icy is free to use but since its code is not available we could not analyse its time complex-
ity, and the run-time difference is mainly explained by the user interaction with GUI.

Motiro brings a new automatic feature extraction method and significant improve-
ments to statistically assess the morphometry of a healthy colorectal mucosa imaged by
pCLE. It is ready to be employed on the analysis of multiple videos and to construct a large
database. Motiro do not need a large quantity of pre-classified data to extract features and
the morphometric properties have clear geometrical and biological interpretations. That
may be useful on future application of classification algorithms. Additionally, the quan-
titative characterization of the architecture of the mucosa enables the establishment of
additional standards to aid on human analysis and by reducing the role of subjectivity.
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Kurpiewski, W., Zieliński, E., Kowalczyk, I., and Pedrycz, A. (2018). Occurrence of
colorectal aberrant crypt foci depending on age and dietary patterns of patients. BMC
Cancer, 18(1):213.
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