
 

 e-ISSN: 2289-8131   Vol. 10  No. 1-17 37 

 

New Features of Cervical Precancerous Cell Based 

on FE-SEM/EDX Line Scanning for Classification 

Systems 
 

Yessi Jusman1, Widdya Rahmalina1, Sri Kartini2, May Valzon3 and Siti Nurul Aqmariah Mohd Kanafiah4 

1Department of Informatics Engineering, Faculty of Engineering, Universitas Abdurrab, Pekanbaru, 28291 Riau, Indonesia 
2Department of Pharmaceutical and Food Analysts, Faculty of Medicine and Health Science, Universitas Abdurrab, 

Pekanbaru, 28291 Riau, Indonesia 
3Department of Anatomy, Faculty of Medicine and Health Science, Universitas Abdurrab, Pekanbaru, 28291 Riau, 

Indonesia 
4School of Mechatronic Engineering, Universiti Malaysia Perlis, Pauh Putra Campus, 02600 Arau, Perlis, 

Malaysia 

aqmariah@unimap.edu.my 

 

 

Abstract— The applicability and reliability of field emission 

scanning electron microscopy and energy dispersive X-ray (FE-

SEM/EDX) to scan structure of materials at the micro-and/or 

the nanoscale level, characterize the material with its elemental 

properties have opened this research to obtain new features 

from EDX spectral of cervical cells to distinguish normal and 

abnormal cells to be fed into classification tool. For cervical cell 

classification, this study proposes new features of cervical cell 

based on FE-SEM/EDX spectrum that are suitable and can be 

differentiated the cervical cell to be normal and abnormal. The 

cervical cell samples were extracted from SurePath®. From the 

SurePath®, the cervical cell samples for FE-SEM were prepared 

using HMDS method to obtain capable FE-SEM/EDX data. The 

applicability of FE-SEM/EDX data based on line scanning 

technique was tested by using discriminant analysis (DA) as 

classification tools. The result showed that the proposed features 

from FE-SEM/EDX techniques were applicable for cervical 

spectra classification in the cervical precancerous diagnostic 

system. 

 

Index Terms— Cervical Precancerous Cell; Classification; 

Data Acquisition; EDX Line Scanning; Features; FESEM. 

 

I. INTRODUCTION 

 

Cervical cancer is the third most commonly diagnosed cancer 

and the fourth leading cause of cancer death in females 

worldwide, accounting for 9% (529,800) of the total new 

cancer cases and 8% (275,100) of the total cancer deaths 

among females in 2008 [1]. The cervical cells with lesion 

develop to be cancer over a period of two to three decades. A 

part of lesions during adolescence usually grew to be low 

grade and another part will spontaneously regress back to be 

normal. A small part continued to develop into true cancer 

precursors [2]. It was providing sufficient time for the 

screening of the lesion and obtain true treatment. The incident 

and mortality can be reduced through early detection related 

to this disease.  

Recently, the computer-aided screening system helped the 

cytotechnologists and pathologists to have more confidence 

[3-4]. Due to the recent advancement of imaging technology, 

much progress has been developed in computer-aided 

screening system based on Pap smear [5], Thin Prep [6], 

colposcopy [7], cervigram [8], fluorescent in situ 

hybridization [9], and cervical cell FTIR [10]. 

Based on our knowledge in [11], the computer-aided 

screening system for cervical cells based on cytology samples 

appears as a chosen technique with better results. As stated 

liquid-based cytology (LBC) method, using SurePath™ and 

ThinPrep® Pap test, has emerged to improve the quality of 

smears for Cytopathologic evaluation [12-13].  

By using these LBC techniques, many data acquisition 

approaches could be employed with the cervical cell samples 

to obtain cervical cell images for features extraction purposes. 

Field emission scanning electron microscopy (FE-SEM) is 

electron microscopy with a high-resolution image. The high-

resolution images of FE-SEM have been promoted as better 

data acquisition in science and engineering fields. By using 

FE-SEM, cervical cell features could be extracted based on 

morphology and elemental compositions features as 

presented on [14]. FE-SEM has been successfully developed 

to meet the demands for recent applications requiring very 

high magnification (>100,000×) and a high-precision stage 

relative to those of traditional SEM [15], [16-18]. Therefore, 

FE-SEM is a very useful tool for high-resolution surface 

imaging in the field of nanoscale science [19]. Energy 

dispersive X-ray (EDX) spectroscopy has been extensively 

used as a chemical microanalysis technique in conjunction 

with advanced SEM to provide high-resolution imaging, 

semi-quantitative elemental analysis, and qualitative X-ray 

elemental maps for investigating the architecture and 

compositional details of different samples [20-21]. The term 

FE-SEM/EDX refers to the manner in which the data is 

collected and converted from an interference pattern to a 

spectrum. Perhaps, it is the most powerful tool for identifying 

types of elemental distribution where the wavelength of light 

absorbed is characteristic of the elemental producing a 

fluorescence absorption spectrum. Therefore, computer-

aided screening system can be developed based on the 

cervical cell images and analyze the elemental composition 

of the cervical cells. 

FE-SEM/EDX also has been widely used for organic 

material to characterize the elemental distribution on them 

[22-28]. For cervical cells research, [29-31] synthesized 

nanoparticles formulation of anticancer drug chemotherapy. 

The cervical cells were one of the used samples in these 

researches. Therefore, this study will focus on the FE-SEM 

approaches of extracting features from cervical cells for 

developing new screening system. The extracted features 
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from the cervical cells are classified using discriminant 

analysis which ready used in SPSS statistic software. The aim 

of this paper is to present the particle morphological 

structures and presented element distribution of the cervical 

cells which were carried out using FE-SEM. 

 

II. MATERIAL AND METHODS 

 

A. Materials 

In this research, an overview of the methodology of this 

paper is presented in Figure 1.SurePath specimens were 

collected from Gribbles Pathology laboratory, Petaling Jaya, 

Selangor, Malaysia. The cervical cell samples investigated in 

this study were 60 normal, 50 LSIL, and 20 cancer cells 

samples. These samples were undergoing cervical screening 

for cervical precancerous cells. These samples were then sent 

to various laboratories in the faculty of dentistry, University 

of Malaya, Kuala Lumpur for sample preparation and 

capturing image process using FE-SEM. The sample 

preparation in this paper was based on Hexamethyldisilazane 

(HMDS) technique. The technique has been used in our 

previous research [32-33]. 

In principle, sample preparation for biological specimen 

requires three major steps (i.e. fixation, dehydration, and 

drying process) as presented in Figure 2. For the cervical cell 

in this study, the sample preparation techniques based on 

HMDS was employed as presented in Figure 2 and described 

in detail below. Sample preparation technique based on 

HMDS achieved good performance than conventional 

approach [34].  

For preparing the cervical cell specimen based on the 

HMDS, first, the twice fixation process was implemented by 

rinsing the specimen with 5% glutaraldehyde in 0.1% PBS 

for 2 hours and osmium tetroxide for 1 hour as presented in 

Figure 2. Between the two fixation processes, the specimen 

was washed three times with 0.1% in PBS for 10 minutes 

each. Then, after the second fixation, the specimen was rinsed 

twice with deionized water for 10 minutes each.  

For the dehydration process, ethanol dilution dehydration 

series were implemented as 50%, 75%, twice with 95% with 

15 minutes each, and 3 times for 100% ethanol with an 

equilibration step of 20 minutes each. These processes were 

done only by 7 ethanol series.  

In the drying process, the dehydrate specimens were 

immersed with 1-2 ml of HMDS for 10 minutes, then decant 

the HMDS from the specimen vials and leave the specimen 

vials with the specimen in the desiccator to air-dry at room 

temperature.  

The final process was to mount the dried specimen on 

circular stainless steel molds, coated with 10 nm of pure gold 

in a vacuum sputter coater, and kept in a desiccator or under 

vacuum at all times before FE-SEM/EDX data were taken 

using Quanta FEG 250. 

 

 
 

Figure 1: Overview of the methodology of this paper 

 

 
 

Figure 2: Sample preparation techniques based on HMDS 

 

B. Data Acquisition 

For principle operation as presented in Figure 3, FE-SEM 

used a focused beam of electrons to generate an image or to 

analyze the specimen. For operation, the gun head, the 

column and specimen chamber have to be evacuated. The 

pre-vacuum pump and turbopump evacuate the specimen 

chamber. The vacuum in the specimen chamber was measure 

by penning gauge. Column chamber valve closes and N2 gas 

flows into the specimen chamber through vent valve. 

Schottky emitter emitted electrons. The beam of electrons 

passed through the multi-hole aperture. Stigmator makes sure 

the beam was rotationally symmetrical. Anode and linear tube 

were connected to form the beam booster. Beam booster 

provided better protection against external stray fields. 

Condenser lens controls the amount of demagnification. The 

objective lens focused the electron beam onto the specimen. 

Deflection system consisted of a set of scan coils to move the 

electron beam in a point to point scan process.  

In this study, FE-SEM with brand Quanta Field Emission 

Gun (FEG) 250 SEM system provided flexibility and 

versatility to handle the challenges of today's wide-ranging 

research needs. In both sample preparation techniques, 

capturing FE-SEM imaging was implemented in the same 

working distance (10 mm) to produce optimal imaging 

condition and this distance is useful for average voltage range 

(5 to 20 kV). Since the overarching goal of the study was to 

investigate the biological samples as well as cervical cell 

Samples
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Fixation

• Gluteraldehyde 2 hours

Dehydration

• 7 ethanol series in 15 minutes each  
for four first series and 20 minutes  
each for the next series
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• rinse 1-2 ml HMDS for 10 minutes

• dicant the HMDS from the specimens 
and air-dry at room temperature
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samples to achieve high-resolution images at high 

magnifications, the FE-SEM was operated at low voltage (10 

to 20 kV for cervical cell samples). Both In-Lens (I-L) and 

Everhart-Thornley (E-T) detectors were used to image the 

samples.  

 

 
 

Figure 3: Principle of FE-SEM operations 

 

 

 

Figure 4: Cervical cell images and its EDX line scanning 

 

The data acquisition is operated by capturing single cells 

and employ the EDX line scanning technique as long as the 

cells presented in Figure 4. The elemental distribution of the 

cells is produced as output for the data acquisition. For this 

study, the outputs of the data acquisition are 130 cell images 

and its EDX line scanning results as distributed as normal, 

LSIL, and cancer. 

C. Features Extraction 

In this section, the features were extracted for classification 

purpose. FE-SEM/EDX can produce four type of data output 

(i.e. FE-SEM image, EDX point spectrum, EDX line 

scanning spectrum, and EDX mapping area image and/or 

spectrum). EDX can generate images known as digital 

mapping, which are compositional maps of the sample. The 

EDX maps were recorded with a silicon drift detector and 

may indicate the location of each element analyzed. The 

brightness of the maps is related to the intensity of the pixels 

of the elements in the sample. EDX can identify element 

concentrations of <0.1 % [28]. In this work, the features were 

based on the EDX line scanning spectrum and mapping image 

and/or spectrum. The main features for classification purpose 

were extracted by using EDX line scanning spectrum as 

presented in Figure 4. For further confirmation, by mapping 

image, the morphological characterization was again carried 

out via EDX area mapping result. 

In the EDX line scanning and mapping, the elemental 

distributions are obtained. As mention in references, the cells 

should contain nitrogen, oxygen, carbon, natrium, calcium, 

magnesium, and etc. The calcium hydroxyapatite-rich area 

exhibited higher amounts of Carbon (C), Oxygen (O), 

Phosphate (P), and Calcium (Ca) elements as well as trace 

amounts of Nitrogen (N), Natrium (Na), Magnesium (Mg), 

and Aluminium (Al), whereas the major concentration of C, 

minor concentrations of N and O, and trace amounts of P and 

Ca were observed in the cholesterol-rich area [28]. As stated 

in previous research, the different class of cervical cells has 

different chemical compound [35], [36], [37]. Therefore, in 

this study the elemental distribution was believed that could 

be found as main features to be fed into classification tools. 

D. Classification 

In the classification step, the discriminant analysis 

technique was employed to check the accuracy of normal and 

abnormal cell classification. Many extracted features were 

fed as input into the DA classification technique. The DA 

technique was used for features selection and classification 

respectively.  

The current study implemented the DA using Statistical 

Package for the Social Sciences (SPSS) software version 14. 

The stepwise method was chosen for determining the 

optimum features (i.e. eliminate unwanted features).The 

optimum features were selected based on null hypothesis and 

p-value. The null hypothesis was rejected when the p-value 

was more than α = 0.05 (95% confidence level).   

 

III. RESULTS 

 

This section involves results of data acquisition of 

spectrum and image from cervical cells samples, features 

extraction and classification. In the acquisition step, the 

image can be produced by FE-SEM technique and the 

spectrum and/or image can be resulted by EDX technique. In 

this study, the FE-SEM images were used as a reference for 

the cervical cells. Then, EDX mapping images were used to 

know the element contents in the cell area as presented in 

Figure 5. While, the EDX line scanning spectra were used to 

know the element contents in the line scanning in the cells as 

presented in Figure 4. In the features extraction step, new 

features from the EDX line scanning spectrum of the cervical 

cells were extracted as main features for differentiating the 

cervical cells in big amount. Therefore, in the classification 

step, the spectrum was used as input data for the classification 

system.  

As stated in the previous section, the C, O, and N spectrum 
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were mainly due to the presence of cholesterol and protein 

concentrations. The P and Ca spectrum belonged to the 

calcium hydroxyapatite deposit. The cervical cell in this study 

contains C, N, O, Na, Mg, Ca, Copper (Cu), Al, Silicon (Si), 

Yttrium (Y), Zinc (Zn), Chlorine (Cl), Iron (Fe). The features 

were namely as X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, X11, X12, 

and X13, respectively as tabulated in Table 1. 

 
Table 1 

Featured Results from Line Scanning EDX 

 

Features Based on 

Elemental 

Distribution 

Abbreviation 

Carbon (C) X1 

Nitrogen (N) X2 
Oxygen (O) X3 

Natrium (Na) X4 

Magnesium (Mg) X5 

Calcium (Ca) X6 

Copper (Cu) X7 
Aluminum (Al) X8 

Silicon (Si) X9 

Yittrium (Y) X10 
Zinc (Zn) X11 

Chlorine (Cl) X12 

Iron (Fe) X13 

 

Based on the EDX line scanning technique, the probable 

features are presented in Table 1. Each cell has the elements 

but in the variety of content. As presented in [36], the normal, 

LSIL, HSIL, and cancer were believed having a difference in 

the element content. Here, in this research, the significant 

features were extracted by using discriminant analysis 

technique. This technique selects the dominant contributed 

features as statistical analysis. The significant features results 

are presented in detail in Table 2. 

 
Table 2 

Significant Features Results after Univariate and Multivariate Analysis 

 

Step 

Number 

of 

Variables 

Exact F 

Statistic df1 df2 
P-

value 

1 X1 220.879 2 127.000 .000 

2 X3 82.342 4 252.000 .000 

3 X4 71.489 6 250.000 .000 

4 X5 69.114 8 248.000 .000 

5 X6 63.730 10 246.000 .000 

6 X8 55.193 12 244.000 .000 

7 X9 49.422 14 242.000 .000 

8 X10 44.744 16 240.000 .000 

9 X11 45.207 18 238.000 .000 

10 X13 42.506 20 236.000 .000 

*F= variation between sample means per variation within the samples, df= 

degrees of freedom 

 

Wilks' Lambda method with univariate and multivariate 

tests was applied to the analysis results. This type of analysis 

was needed in order to identify clusters of analysis methods. 

Features X2, X4 and X5 have low impact on identifying process 

with p-value distribution more than 5% (95% confidence 

level) using univariate test. The other features showed the 

high impact on identifying process with p-value distribution 

less than 5%. Hence, the null hypothesis is rejected for the 

other 10 features. 

Then, the 13 features have been processed using 

multivariate test. From the 13 features, only 10 optimum 

features have been chosen using the multivariate test as 

suitable features for cervical cell recognition. The 10 

dominant features have p-value distribution less than 0.05. 

The 10 optimum features are X1, X3, X4, X5, X6, X8, X9, X10, 

X11, and X13. The null hypothesis of the ten features is 

rejected. Thus, the multivariate analysis shows that there are 

significant differences among three classes of cervical cells 

for each feature. 

Based on the discriminant analysis, it is found that only 10 

dominant features have the ability to classify the cervical cells 

into 3 groups (classes) properly. For the classification results, 

the discriminant analysis classification technique using 3 

classes produced a good performance. Then, the classification 

produced better accuracy results if the data classified as 2 

classes (i.e. normal and abnormal). The 50 LSIL and 20 

cancer are classified as abnormal. Thus, the data is 60 normal 

and 70 abnormal. The overall data are 130; each data has 10 

optimum features. The classification accuracy is 100% for 

normal (60 normal data correctly classified out of 60 overall), 

84% for LSIL (42 out of 50), and 100 % for cancer (20 out of 

20). 

 

IV. DISCUSSIONS 

 

FE-SEM was used currently for qualitative and quantitative 

analysis in science and engineering especially for 

determining the chemical structures of many inorganic and 

organic compounds such as drugs, ceramic, bacteria, fungi, 

etc. It can also be used in material identification, 

deformations for tissue and cells, and assessment of purity of 

chemical compounds. FE-SEM study on biological cells was 

started at the end of the 1993s and since then it has received 

much attention in the field of medical sciences. 

The spectral features of cervical cell in our study were 

obtained in the energy voltage regions 0 keV to 10 keV. As 

stated the features were Carbon (C), Nitrogen (N), Oxygen 

(O), Natrium (Na), Magnesium (Mg), Calcium (Ca), Copper 

(Cu), Aluminum (Al), Silicon (Si), Yttrium (Y), Zinc (Zn), 

Chlorine (Cl), Iron (Fe). We have found that spectra of 

normal and abnormal (LSIL, and cancer) cervical cells were 

significantly different. The spectra showed significant 

differences for absorbance intensity of Carbon (C), Oxygen 

(O), Natrium (Na), Magnesium (Mg), Calcium (Ca), 

Aluminum (Al), Silicon (Si), Yttrium (Y), Zinc (Zn), and Iron 

(Fe). However, the Nitrogen (N) of the cervical cell in this 

experiment is constant at 0 intensity value. The Copper (Cu) 

and Chlorine (Cl) was found that the intensity value of the 

elements was not significantly different for normal, LSIL, 

and cancer cells. It means that the elements are contained in 

the same intensity value for the three classes of cells.   

The accuracy of FE-SEM is dependent on the definition of 

‘abnormal’ and ‘normal’ classes. If normal, LSIL, and cancer 

cases were considered as three different classes, the accuracy 

was lower than when LSIL are called ‘abnormal’ (i.e., 

grouped with LSIL and cancer). It means for the two classes 

(i.e. normal and abnormal classes), the difference between 

normal and LSIL is totally significant, and the difference 

between normal and cancer is totally significant. However, 

the difference between LSIL and cancer is not totally 

significant if the cervical cells classified to be three classes. 8 

LSIL cells are wrongly classified as cancer. Whereas, the 

normal cells are totally significant difference between LSIL 
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and cancer, and the cancer cells are totally different to normal 

and LSIL.  

The changes in the spectra of cells exhibiting increasing 

grades of abnormality (from LSIL to cancer) are subtle. 

Overlapping spectra are expected because the progress to 

cancer is a continuous process at different stages. FE-SEM 

could detect early chemical changes at the molecular level of 

cancer cells which precede morphological changes seen 

under light microscopy. With the improvement in FE-

SEM/EDX technique such difficulty could be obviated.  

 

V. CONCLUSIONS 

 

This study proposed new features of the cervical cell be 

used for classification of cervical cells in cervical cancer 

diagnostic system. FE-SEM/EDX presented good results as a 

potential tool to differentiate cervical cells to be three classes. 

The quantitative results present good results for elemental 

distribution existing in the cells. The possible features are 

content of Carbon (C), Nitrogen (N), Oxygen (O), Natrium 

(Na), Magnesium (Mg), Calcium (Ca), Copper (Cu), 

Aluminum (Al), Silicon (Si), Yttrium (Y), Zinc (Zn), 

Chlorine (Cl), Iron (Fe) in cervical cell which are extracted 

by using FE-SEM/EDX system. The dominant features are 

extracted by using discriminant analysis technique. Hence, 

the significant features of the cells to differentiate the cervical 

cell classes are C, O, Na, Mg, Ca, Al, Si, Y, Zn, and Fe. The 

elemental distribution features show the high accuracy results 

for classification of the cervical cells. For further study, the 

stage involves the development of digital signal and image 

processing based system to extract the significant 

characteristics of FE-SEM/EDX data, which will be used as 

input data for intelligent classifier in the next stage for 

classification of cervical precancerous stage purpose. 
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