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Abstract: 

Background: Recently, Magnetic Resonance Imaging (MRI) has been used in 

clinical application as non-invasive medical modality; it is rarely used to study the 

anatomy physiological, and biochemical of the skin, in spite of its very attractive 

modality for skin imaging. It makes an ideal imaging modality of unique soft tissue 

contrast to study the skin anatomy and to observe the different skin’s layers. 

However, MRI provides a big data with high quality. The analysis of these data 

requires computerized methods to help clinicians and to improve diagnosis. Several 

image processing methods have been used by doctors to facilitate qualitative 

diagnosis, segmentation is one of these methods used in clinical applications in 

order to understand medical data and extract useful information. This study aims to 

use the segmentation method in order to observe the anatomy of skin layers before 

and after applying moisturizer. 

Methods: We will classify segmentation approaches for MRI data into three basics 

classes: Edge based segmentation; Region based segmentation, and Thresholding 

segmentation. Then we will briefly describe Fuzzy C-means Clustering method, 

which is used to segment our MR data represented by a sample of thirty-five (35) 

healthy. 

Results: We have observed the skin’s layers before and after applying moisturizer 

topic of the feet as a result of the FCM segmentation method. 

Our study showed that FCM is an efficient Algorithm used for medical images, 

because of its fuzzy nature; also it gives images segmentation results with different 

classes of skin layers before and after the application of moisturizer topic. 

Conclusion: MRI is an attractive modality to study the human skin; it makes an 

ideal observation of the different skin layers in vivo. However, the segmentation of 

MRI data by FCM clustering is a computerized method to help clinicians in order 

to study the skin anatomy. 
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1. Introduction 

Over the last years, Medicine has used many image modalities in order to make 

diagnostic easier. Magnetic Resonance Imaging (MRI) is one of non-invasive 

modalities which uses the distribution of water in human body in order to produce 

medical images.  

MRI modality provides a big data with high quality, the analysis of these data to 

extract important information manually becomes a complex task for clinicians, it is 

time consuming and it may cause errors because of the large and various studies. 

However, MR data analysis requires a set of computerized methods to improve 

diagnosis and make it easy [2].  

Nowadays, many computerized methods assist doctors for MR data diagnostic. 

Segmentation method is most used in MR data processing for many applications in 

order to understand medical data and extract useful information. 

Hence, MRI modality is rarely used in clinical application to study the anatomy 

physiological, and biochemical of the skin [1], but is a very attractive modality for 

skin imaging. It makes an ideal imaging modality of unique soft tissue contrast to 

study the skin anatomy and to observe the different skin’s layers [6].  

Skin covers the total area of the human body, it is composed of three layers [3]: (1) 

Epidermis: the outermost layer of skin provides a waterproof barrier, which is 

composed of approximately 95% of keratinocytes, with four layers: basal, spinous, 

granular and corneum layers. These layers are undergoing continuous 

transformation and form the remaining 5% [4]. (2) Dermis: is beneath the 

epidermis, which is composed of fibroblasts, dermal dendritic cells, mastocytes and 

macrophages (70%). Other components include collagen, elastic fibers and air 

follicles. The dermis is grouped into two categories: papillary dermis and reticular 

dermis [4]. (3) Fat: The deeper subcutaneous tissue is made of fat and connective 

tissue [3].  

Water distribution in human skin plays a key role indifferent skin functions, such 

as thermoregulation, barrier function…etc. [5]. Magnetic Resonance Imaging 

(MRI) uses magnetic proprieties of some atoms like Hydrogen (1H), Sodium (23Na), 

Carbon (13C)..etc. As the human body is made of 70% water (H2O), MRI in clinical 

applications, uses magnetic properties of Hydrogen atoms to produce medical 

images [7]. 

This paper will address a medical challenge of in vivo high-resolution skin MR 

imaging, our data is skin MR images has been investigated using 3-Tesla scan. With 

high resolution to make the promising of skin in vivo approaches possible, and also 

allows observing the anatomical and the physiological properties of the skin with 

fine exploration [1]. Our data have been processed using the segmentation method 

in order to observe the skin anatomy of the feet before applying moisturizer topic 

and one hour after that. We will also review in this paper the methods of MR images 

segmentation, then; we will present their classification with a detailed description 

of Fuzzy C-means Clustering (FCM) method. Furthermore, we will give some 

related works used FCM algorithm with MRI images. Then we will describe our 

study's sample, and come up to discuss the results. Finally, we will conclude the 

review by a conclusion. 
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2. Methods 

Segmentation is one of the most used methods to process images with several 

approaches. In this paper, we present a categorization of three classes for medical 

image methods (see figure 1) [8]: (a) Edge-based segmentation: consists of finding 

boundaries between regions based on detecting sharp and local changes in the 

intensity value, with three interested characteristics: edge, line and isolated point. 

(b) Region-based segmentation: based on a set of intensity attributes value to find 

the similar region directly. This approach involves many methods such as region 

growing, split, merge and clustering method. (c) Thresholding method: is one of the 

most applied approaches in image processing, because of its properties, simplicity, 

and its speed of computation. It classifies each pixel of image according to the 

specific threshold value.  

Other approved methods have been developed such as morphological watersheds, 

active contours and level set method. The following diagram represents the 

classification methods of segmentation: 

 

 
 

Figure1: Classification of segmentation methods 

Fuzzy C-means Clustering (FCM) is a clustering method used to segment images, 

it assigns similar pixels into the same class using fuzzy membership.  

Let X=(x1 , x2, ...... ,xn ) represents an image with n pixels, which is splitted into C 

clusters. Where, each xi represents a set of pixel features. FCM algorithm minimizes 

the following objective function [11]: 

/  

Where, uij is the membership of pixel xj in the ith cluster, vi represents the ith cluster 

center, ||.|| is a norm metric, and m is a parameter which defines the fuzziness of the 

resulting clusters. 

FCM algorithm assigns a high membership to the pixels when they are close to the 

centroid of the cluster and a low membership if not, in order to minimize the 

objective function J. The probability value of pixels depends solely on the distance 

between the pixel and each individual cluster center. FCM algorithm starts with an 

initial guess for each cluster center, then update membership and cluster centers for 

each iteration as follows [11]: 
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When the changes in the membership function or the cluster center at two 

successive iteration steps are constant, FCM algorithm converges to a solution with 

vi representing a saddle point of the objective function [11]. 

FCM is used for medical images because of its fuzzy nature, where one pixel can 

belong to more than one cluster according to different probability value, and with a 

higher performance than crisp methods [9]. For example, some developers [11- 13] 

used spatial FCM algorithm for MRI data to improve the robustness of the 

conventional algorithm. Others [14] used FCM algorithm to segment MRI images. 

Fuzzy C-means Clustering (FCM) method has two problems: The first one is its 

less performance with imaging noise, and the second is the Euclidean distance 

which is used [10]. Because of these problems, many variations to the FCM have 

been developed like Bias-Corrected Fuzzy C-Means (BCFCM), Possibilistic Fuzzy 

C-Means (PFCM) ... etc [9]. 

3. Results and discussion 

Our data are the results of a study conducted between September 2014 and August 

2015 in the research center at the university Hospital in Brest, France [1]. The study 

performed an MRI of the feet before and after applying moisturizer topic. The 

study's sample was thirty-five healthy volunteers comprising 17 women and 18 men 

with an average age of 25.3 years 

For each subject, we had MRI sequences of images with 8echoes at 3T. The 

following images are example: 

 
 

Figure2:  MRI sequence: Turbo Spin Echo (TSE) calculation T2-weighted 

sequence. 

The T2 calculation of TSE sequence using Fiji ImageJ gives these images as 

results: 
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Figure 3: T2 Calculation Results (a) Before applying moisturizer topic (b) After 

application. 

The application of Fuzzy C-means Clustering using MATLAB for 10 clusters 

gives these results: 

 
Figure 4: Results of FCM segmentation method; (a) Before applying moisturizer 

topic (b) After application. 

This study involves applying FCM segmentation method for MRI data, to observe 

the effects of a topical moisturizer on the different skin layers. We can observe that 

the epidermis layer before applying the moisturizer topic is represented by different 

classes than after application. 

We can conclude first that MRI makes an ideal imaging modality of unique soft 

tissue contrast to study the skin anatomy and to observe the different skin’s layers. 

Then, the application of moisturizer topic provides effects in epidermis layer of 

skin, exactly in stratum corneum, which view with large area after the application 

of moisturizer topic. 

4. Conclusion 

The aim of this article is to review the segmentation approaches for Magnetic 

Resonance Imaging. We started by classifying these approaches, then briefly 

described Fuzzy C- means Clustering method. Furthermore, we presented the 

sample of our study with a discussion of the results obtained using FCM 

segmentation method. We conclude that MRI is an attractive modality to study the 

skin water content, it makes an ideal observation of the different skin layers in vivo 
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with three dimensions. However, the segmentation of MRI data by FCM clustering 

is a computerized method to help clinicians in order to measure skin hydration. 
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