
Lecture Notes in Electrical Engineering 1087

Ruchika Malhotra · L. Sumalatha · 
S. M. Warusia Yassin · Ripon Patgiri · 
Naresh Babu Muppalaneni   Editors

High Performance 
Computing, Smart 
Devices and 
Networks
Select Proceedings of CHSN 2022



Lecture Notes in Electrical Engineering 

Volume 1087 

Series Editors 

Leopoldo Angrisani, Department of Electrical and Information Technologies Engineering, University of Napoli 
Federico II, Napoli, Italy 
Marco Arteaga, Departament de Control y Robótica, Universidad Nacional Autónoma de México, Coyoacán, 
Mexico 
Samarjit Chakraborty, Fakultät für Elektrotechnik und Informationstechnik, TU München, München, Germany 
Jiming Chen, Zhejiang University, Hangzhou, Zhejiang, China 
Shanben Chen, School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai, China 
Tan Kay Chen, Department of Electrical and Computer Engineering, National University of Singapore, 
Singapore, Singapore 
Rüdiger Dillmann, University of Karlsruhe (TH) IAIM, Karlsruhe, Baden-Württemberg, Germany 
Haibin Duan, Beijing University of Aeronautics and Astronautics, Beijing, China 
Gianluigi Ferrari, Dipartimento di Ingegneria dell’Informazione, Sede Scientifica Università degli Studi di 
Parma, Parma, Italy 
Manuel Ferre, Centre for Automation and Robotics CAR (UPM-CSIC), Universidad Politécnica de Madrid, 
Madrid, Spain 
Faryar Jabbari, Department of Mechanical and Aerospace Engineering, University of California, Irvine, CA, 
USA 
Limin Jia, State Key Laboratory of Rail Traffic Control and Safety, Beijing Jiaotong University, Beijing, China 
Janusz Kacprzyk, Intelligent Systems Laboratory, Systems Research Institute, Polish Academy of Sciences, 
Warsaw, Poland 
Alaa Khamis, Department of Mechatronics Engineering, German University in Egypt El Tagamoa El Khames, 
New Cairo City, Egypt 
Torsten Kroeger, Intrinsic Innovation, Mountain View, CA, USA 
Yong Li, College of Electrical and Information Engineering, Hunan University, Changsha, Hunan, China 
Qilian Liang, Department of Electrical Engineering, University of Texas at Arlington, Arlington, TX, USA 
Ferran Martín, Departament d’Enginyeria Electrònica, Universitat Autònoma de Barcelona, Bellaterra, 
Barcelona, Spain 
Tan Cher Ming, College of Engineering, Nanyang Technological University, Singapore, Singapore 
Wolfgang Minker, Institute of Information Technology, University of Ulm, Ulm, Germany 
Pradeep Misra, Department of Electrical Engineering, Wright State University, Dayton, OH, USA 
Subhas Mukhopadhyay, School of Engineering, Macquarie University, NSW, Australia 
Cun-Zheng Ning, Department of Electrical Engineering, Arizona State University, Tempe, AZ, USA 
Toyoaki Nishida, Department of Intelligence Science and Technology, Kyoto University, Kyoto, Japan 
Luca Oneto, Department of Informatics, Bioengineering, Robotics and Systems Engineering, University of Genova, 
Genova, Genova, Italy 
Bijaya Ketan Panigrahi, Department of Electrical Engineering, Indian Institute of Technology Delhi, 
New Delhi, Delhi, India 
Federica Pascucci, Department di Ingegneria, Università degli Studi Roma Tre, Roma, Italy 
Yong Qin, State Key Laboratory of Rail Traffic Control and Safety, Beijing Jiaotong University, Beijing, China 
Gan Woon Seng, School of Electrical and Electronic Engineering, Nanyang Technological University, 
Singapore, Singapore 
Joachim Speidel, Institute of Telecommunications, University of Stuttgart, Stuttgart, Germany 
Germano Veiga, FEUP Campus, INESC Porto, Porto, Portugal 
Haitao Wu, Academy of Opto-electronics, Chinese Academy of Sciences, Haidian District Beijing, China 
Walter Zamboni, Department of Computer Engineering, Electrical Engineering and Applied Mathematics, 
DIEM—Università degli studi di Salerno, Fisciano, Salerno, Italy 
Junjie James Zhang, Charlotte, NC, USA 
Kay Chen Tan, Department of Computing, Hong Kong Polytechnic University, Kowloon Tong, Hong Kong



The book series Lecture Notes in Electrical Engineering (LNEE) publishes the 
latest developments in Electrical Engineering—quickly, informally and in high 
quality. While original research reported in proceedings and monographs has 
traditionally formed the core of LNEE, we also encourage authors to submit books 
devoted to supporting student education and professional training in the various 
fields and applications areas of electrical engineering. The series cover classical and 
emerging topics concerning:

• Communication Engineering, Information Theory and Networks
• Electronics Engineering and Microelectronics
• Signal, Image and Speech Processing
• Wireless and Mobile Communication
• Circuits and Systems
• Energy Systems, Power Electronics and Electrical Machines
• Electro-optical Engineering
• Instrumentation Engineering
• Avionics Engineering
• Control Systems
• Internet-of-Things and Cybersecurity
• Biomedical Devices, MEMS and NEMS 

For general information about this book series, comments or suggestions, please 
contact leontina.dicecco@springer.com. 

To submit a proposal or request further information, please contact the Publishing 
Editor in your country: 

China 

Jasmine Dou, Editor (jasmine.dou@springer.com) 

India, Japan, Rest of Asia 

Swati Meherishi, Editorial Director (Swati.Meherishi@springer.com) 

Southeast Asia, Australia, New Zealand 

Ramesh Nath Premnath, Editor (ramesh.premnath@springernature.com) 

USA, Canada 

Michael Luby, Senior Editor (michael.luby@springer.com) 

All other Countries 

Leontina Di Cecco, Senior Editor (leontina.dicecco@springer.com) 

** This series is indexed by EI Compendex and Scopus databases. **

mailto:leontina.dicecco@springer.com
mailto:jasmine.dou@springer.com
mailto:Swati.Meherishi@springer.com
mailto:ramesh.premnath@springernature.com
mailto:michael.luby@springer.com
mailto:leontina.dicecco@springer.com


Ruchika Malhotra · L. Sumalatha · 
S. M. Warusia Yassin · Ripon Patgiri · 
Naresh Babu Muppalaneni 
Editors 

High Performance 
Computing, Smart Devices 
and Networks 
Select Proceedings of CHSN 2022



Editors 
Ruchika Malhotra 
Delhi Technological University 
New Delhi, India 

S. M. Warusia Yassin 
Universiti Teknikal Malaysia Melaka 
Melaka, Malaysia 

Naresh Babu Muppalaneni 
Department of CSE 
Indian Institute of Information Technology 
Design and Manufacturing 
Kurnool, Andhra Pradesh, India 

L. Sumalatha 
Jawaharlal Nehru Technological University 
Kakinada 
Kakinada, Andhra Pradesh, India 

Ripon Patgiri 
National Institute of Technology Silchar 
Silchar, Assam, India 

ISSN 1876-1100 ISSN 1876-1119 (electronic) 
Lecture Notes in Electrical Engineering 
ISBN 978-981-99-6689-9 ISBN 978-981-99-6690-5 (eBook) 
https://doi.org/10.1007/978-981-99-6690-5 

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Singapore Pte Ltd. 2024 

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse 
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and 
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar 
or dissimilar methodology now known or hereafter developed. 
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or 
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations. 

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd. 
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721, 
Singapore 

Paper in this product is recyclable.

https://doi.org/10.1007/978-981-99-6690-5


Dedicated to 

Late Prof. Allam Appa Rao 
Former Vice-Chancellor, JNTU Kakinada



Late Prof. Ch. Satyanarayana 
Former Registrar, JNTU Kakinada



Program Committee 

Prof. (Dr.) Viranjay M. Srivastava, University of KwaZulu-Natal, Durban 
Prof. D. Vivekananda Reddy, SV University 
Prof. Daniel Thalmann, École polytechnique fédérale de Lausanne, Switzerland 
Prof. Edara Sreenivasa Reddy, Acharya Nagarjuna University 
Prof. O. P. Vyas, Indian Institute of Information Technology, Allahabad 
Prof. R. Bhramaramba, GITAM University 
Prof. Ruchika Malhotra, Delhi Technological University 
Dr. A. S. N. Chakravarthy, JNTU Vizianagaram 
Dr. A. Srinagesh, RVR and JC College of Engineering 
Dr. Aaditya Lochan Sharma, Sikkim Manipal Institute of Technology 
Dr. Anchana P. Belmon, Rajadhani Institute of Engineering and Technology 
Dr. Anjali Sharma, CSIR-National Physics Laboratory 
Dr. Ankita Jain Bansal, Netaji Subhas University of Technology 
Dr. Anuradha Chug, GGSIPU 
Dr. Arijit Bhattacharya, Gour Mahavidyalaya 
Dr. Asif Iqbal Hajamydeen, Management and Science University, Malaysia 
Dr. B. S. Chandana, VIT AP 
Dr. B. N. Jagadesh, VIT AP 
Dr. Badal Soni, National Institute of Technology Silchar 
Dr. Biswaraj Sen, Sikkim Manipal Institute of Technology 
Dr. Bukhary Ikhwan Ismail, MIMOS Berhad-National Applied R&D Centre, 
Malaysia 
Dr. Chukhu Chunka, National Institute of Technology Silchar 
Dr. D. Ramesh, JNTUH University College of Engineering Jagtial 
Dr. Dahlia Asyiqin Ahmad Zainaddin, German Malaysian Institute 
Dr. Dalton Meitei Thounaojam, National Institute of Technology Silchar 
Dr. E. Suresh Babu, National Institute of Technology, Warangal 
Dr. Eugénia Moreira Bernardino, Polytechnic of Leiria, Portugal 
Dr. Fahmi Arif, Institut Teknologi Nasional Bandung, Indonesia 
Dr. G. Lakshmeeswari, GITAM University 
Dr. G. Lavanya Devi, Andhra University

vii



viii Program Committee

Dr. Ganeshkumar Pugalendhi, Anna University Regional Campus, Coimbatore 
Dr. Ganta Chamundeswari, Sir C. R. Reddy College of Engineering, Eluru 
Dr. Gurram Sunitha, Sree Vidyanikethan Engineering College 
Dr. I. Gede Pasek Suta Wijaya, University of Mataram, Indonesia 
Dr. J. Harikiran, VIT AP 
Dr. J. Avanija, Sree Vidyanikethan Engineering College 
Dr. Janmenjoy Nayak, Maharaja Sriram Chandra Bhanja Deo University, Baripada 
Dr. Jayalaxmi G. Naragund, KLE Technological University 
Dr. Juhi Jain, Amity School of Engineering and Technology 
Dr. K. Vivekanandan, Puducherry Technological University 
Dr. K. Reddy Madhavi, Sree Vidyanikethan Engineering College 
Dr. Kabir Kharade, Shivaji University 
Dr. Karthikeyan Subramanian, University of Technology and Applied Sciences, 
Oman 
Dr. D. R. Kumar  Raja, Reva  University  
Dr. L. Venkateswara Reddy, KG Reddy College of Engineering and Technology, 
Hyderabad 
Dr. Laiphrakpam Dolendro Singh, National Institute of Technology Silchar 
Dr. Latha Parthiban, Pondicherry University Community College 
Dr. M. Brindha, National Institute of Technology, Tiruchirappalli 
Dr. Malaya Dutta Borah, National Institute of Technology Silchar 
Dr. Megha Ummat, Sri Guru Gobind Singh College of Commerce, University of 
Delhi 
Dr. Mohammed Abdul Qadeer, Aligarh Muslim University 
Dr. Mohammed Nasser Al-Mhiqani, Keele University 
Dr. Mohammed Pasha, Muffakham Jah College of Engineering and Technology 
Dr. Mohd Fairuz Iskandar Othman, Universiti Teknikal Malaysia Melaka 
Dr. Mohd Faizal Abdollah, Universiti Teknikal Malaysia Melaka 
Dr. Mohd Faizal Abdollah, Universiti Teknikal Malaysia Melaka 
Dr. Mohd Zaki Mas’ud, Universiti Teknikal Malaysia Melaka 
Dr. Naresh Babu Muppalaneni, Indian Institute of Information Technology Design 
and Manufacturing, Kurnool 
Dr. Naveen Palanichamy, Multimedia University, Malaysia 
Dr. Nazrulazhar Bahaman, Universiti Teknikal Malaysia Melaka 
Dr. Ng Kok Why, Multimedia University, Malaysia 
Dr. Nitikarn Nimsuk, Thammasat University (Rangsit Campus), Thailand 
Dr. Noor Hisham Bin Kamis, Multimedia University (MMU), Malaysia 
Dr. P. Sateesh, MVGR College of Engineering 
Dr. Partha Pakray, National Institute of Technology Silchar 
Dr. Pascal Lorenz, University of Haute Alsace, France 
Dr. Prashant Giridhar Shambharkar, Delhi Technological University 
Dr. Pratik Chattopadhyay, Indian Institute of Technology (BHU), Varanasi 
Dr. R. Kanesaraj Ramasamy, Multimedia University, Malaysia 
Dr. R. Murugan, National Institute of Technology Silchar 
Dr. R. Rajeshwara Rao, JNTU Vizianagaram



Program Committee ix

Dr. Raihana Syahirah Abdullah, Universiti Teknikal Malaysia Melaka 
Dr. Rajesh Prasad, American University of Nigeria 
Dr. Rajib Kumar Jha, Indian Institute of Technology Patna 
Dr. Ram Bilas Pachori, Indian Institute of Technology Indore 
Dr. Ramanujam E., National Institute of Technology Silchar 
Dr. Rashmi Saini, G. B. Pant Institute of Engineering and Technology 
Dr. Ripon Patgiri, National Institute of Technology Silchar 
Dr. Robiah Binti Yusof, Universiti Teknikal Malaysia Melaka 
Dr. S. M. Warusia Yassin, Universiti Teknikal Malaysia Melaka 
Dr. S. K. Chaya Devi, Vasavi College of Engineering 
Dr. Sanjaya Kumar Panda, National Institute of Technology, Warangal 
Dr. Sansanee Auephanwiriyakul, Chiang Mai University, Thailand 
Dr. Santosh Singh Rathore, ABV-IIITM Gwalior 
Dr. Sasikumar Gurumoorthy, Jerusalem College of Engineering 
Dr. Sharifah Sakinah Syed Ahmad, Universiti Teknikal Malaysia Melaka 
Dr. Sherali Zeadally, University of Kentucky 
Dr. Siti Azirah Asmai, Universiti Teknikal Malaysia Melaka 
Dr. Siti Rahayu Binti Selamat, Universiti Teknikal Malaysia Melaka 
Dr. Sivasutha Thanjappan, Multimedia University, Malaysia 
Dr. Sonika Dahiya, Delhi Technological University 
Dr. Srinivasa Chakravarthi Lade, GITAM University 
Dr. Surya Kameswari Uduga, Acharya Nagarjuna University 
Dr. Surya S. R., College of Engineering Perumon, Kollam 
Dr. Syed Muzamil Basha, REVA University 
Dr. Syed Thouheed Ahmed, REVA University 
Dr. T. G. Vasista, Pallavi College Engineering 
Dr. Tanasanee Phienthrakul, Mahidol University, Thailand 
Dr. Tomasz Rak, Rzeszow University of Technology, Poland 
Dr. Uma N. Dulhare, Muffakham Jah College of Engineering and Technology 
Dr. Umashankar Subramaniam, Prince Sultan University, Riyadh, Saudi Arabia 
Dr. Veenu Mangat, Panjab University 
Dr. Vishal Ramesh Satpute, Visvesvaraya National Institute of Technology, Nagpur 
Dr. Vishal Saraswat, Bosch Engineering and Business Solutions 
Dr. Wei-Chiang Hong, Asia Eastern University of Science and Technology, Taiwan 
Dr. Yogan Jaya Kumar, Universiti Teknikal Malaysia Melaka 
Dr. Zulkiflee Muslim, Universiti Teknikal Malaysia Melaka 
Dr. Zuraida Abal Abas, Universiti Teknikal Malaysia Melaka 
Mr. Ksh Robert Singh, Mizoram University 
Mr. Nageshwar Nath Pandey, Siksha ‘O’ Anusandhan Deemed to be University 
Mr. Rohit Pratap Singh, National Institute of Technology Silchar 
Mr. Sahinur Rahman Laskar, National Institute of Technology Silchar 
Mr. Sanjay Patidar, Delhi Technological University 
Mr. Yonten Jamtsho, Royal University of Bhutan 
Mr. Zakir Hussain, National Institute of Technology Silchar 
Ms. Anjali Bansal, Delhi Technological University



x Program Committee

Ms. Deepali Jain, National Institute of Technology Silchar 
Ms. K. Bavani, Kalasalingam Academy of Research and Education 
Ms. Priya Singh, Delhi Technological University 
Ms. Sabuzima Nayak, National Institute of Technology Silchar 
Ms. Shweta Meena, Delhi Technological University 
Ms. Zeba Shamsi, National Institute of Technology Silchar



Keynote Speakers 

Dr. S. M. Warusia Mohamed S. M. M. Yassin 
Universiti Teknikal Malaysia Melaka 

Dr. I. Gede Pasek Suta Wijaya 
University of Mataram, Indonesia

xi



xii Keynote Speakers

Dr. Worapan Kusakunniran 
Mahidol University, Bangkok, Thailand 

Dr. Zuraida Abal Abas 
Universiti Teknikal Malaysia Melaka



Foreword 

The 3rd International Conference on Computer Vision, High Performance 
Computing, Smart Devices and Networks (CHSN-2022) is aimed to bring researchers 
together working in this area to share their knowledge and experience. In this confer-
ence, topics of contemporary interested would be discussed to provide a holistic 
vision on latest technologies for computer science and engineering. The scope 
includes data science, machine learning, computer vision, deep learning, artificial 
intelligence, artificial neural networks, mobile applications development and Internet 
of Things; conference participants are expected to gain relevant knowledge and better 
understanding of the applications of computer science in various fields. 

CHSN-2022 would be both stimulating and informative with the active partici-
pation of galaxy of keynote speakers. We would like to thank all the authors who 
submitted the papers, because of which the conference became a story of success. 
We also would like to express our gratitude to the reviewers, for their contributions 
to enhance the quality of the papers. We are very grateful to the keynote speakers, 
reviewers, session chairs and committee members who selflessly contributed to the 
success of CHSN-2022. We are very thankful to Jawaharlal Nehru Technological 
University Kakinada, Kakinada, for providing the basic requirements to host the 
CHSN-2022. 

Last but not least, we are thankful for the enormous support of publishing partner, 
i.e., Springer, for supporting us in every step of our journey toward success. 

Kakinada, India Prof. A. S. N. Chakravarthy 
Convener, CHSN-2022
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Analysis of Prevalence of Flat Foot 
in Primary School Children 

Subodh Mor, Shikha N. Khera, and G. C. Maheshwari 

Abstract Flat foot is a common health condition that prevails among children as 
well as adults. This paper analyses the relationship between age and gender with 
the prevalence of flat feet among primary school children. The results are validated 
on 424 primary school children (254 males and 170 females) between the age of 
6 years to 10 years in Delhi, India. The foot imprinter plate as well as physical 
and photographic assessment was used to diagnose the presence of flat feet among 
primary school children. The number of children diagnosed with completely flat feet 
was 118, and children diagnosed with partial flat feet were 176. The results show 
out of every five children, three children were either completely or partially flat feet 
(69.3%). The results showed that there was a significant association between gender 
and flat foot. It was concluded that assessment of flat feet should be made available 
to children and parents at an early age to prevent the condition to be converted into 
a serious health problem and hindrance in various sports activities. 

Keywords Flat feet · Partial flat feet · Primary school children · Sports activities 

1 Introduction 

The feet are an important factor in an individual’s health since it plays a key role in 
mobility and posture and is responsible for the well-being and quality of life of an 
individual. Flat feet, also known as pes planus, is a common biomechanical problem 
faced by many individuals from an early age. It is present in infants as a part of the 
development of the foot and is gradually 15–20% resolved in adulthood [9, 21]. 

Flat feet can be defined as a postural deformity in which the foot does not have a 
normal arch where the entire sole of the foot is in near or complete contact with the 
ground [17]. These foot deformities may cause the development of various issues such 
as pain, fatigue, imbalance, and uneven distribution of planer pressure [16] and also
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be a cause of various injuries. These changes can subsequently lead to compromise in 
well-being and quality of life while affecting the mobility, walking speed, and stance 
duration of an individual [12]. Flat feet can be divided into two categories, namely 
flexible (partial) or rigid. Flat feet can occur due to family history, structural and 
musculoskeletal abnormalities, neuromuscular issues, obesity, and urban lifestyle 
[1, 5, 6]. 

Flat feet may lead to hindrances in various sports activities like running, jumping, 
hopping, and various other coordination activities as excessive foot pressure can lead 
to stress on the legs, hips, and spine [4]. It can also be a cause of various injuries 
in sports persons. In previous studies, it was also found that anterior knee pain was 
high in male young defense recruits as compared to females. It was also shown that 
there was a significant correlation between flat feet and anterior knee pain [15]. 

There have been various studies that evaluate the relationship between personal 
characteristics such as age, gender, and BMI with flat feet [2, 3, 7, 10, 11, 13, 18, 
23]. In this work, we analyze the relationship between age, gender with flat feet. The 
results are validated on 424 primary school children in Delhi, India, between 6 years 
and 10 years of age group. The data has been collected as a part of an awareness 
and educational campaign in schools. The early detection of flat feet can prevent the 
issue from converting into a serious medical condition among children. It will also 
guide parents and children in the selection of appropriate sports as a future career. 

The rest of the paper is organized as follows: Section 2 presents the related work, 
and the research background is summarized in Sect. 3. In Sect. 4, results are presented 
and discussed. Section 5 presents the conclusions of the work. 

2 Related Work 

In this section, the studies that are closely related to our work are summarized. 
Table 1 presents the summary of the size of participants, age, research variables, and 
statistical tests used in the studies. Eluwa et al. examined 1000 students of Akwa 
Ibom State aged between 20 and 30 and concluded that there were a higher number of 
females with flat feet as compared to males [10]. Chang et al. analyzed 2083 school 
children and concluded that males had twice more flat feet as compared to females. 
Further, overweight children had more flat feet as compared to the ones with normal 
weight [7]. Ezema et al. conducted a study with 474 primary school children [11]. 
They found that there was a significant association between flat feet and age and 
also between obesity and flat feet. In [11], it was further concluded that males were 
twice likely to be diagnosed with flat feet than females. Pashmdarfard et al. assessed 
the prevalence of flat feet among 1700 primary school children aged between 7 and 
12 years [18]. There was a significant relationship found between weight and flat 
feet. Bhoir et al. conducted a study with students aged between 18 and 25 years and 
found that there was no correlation between gender and BMI with arch index [3]. 
Al-shenqiti et al. examined school children between 6 to 12 years and concluded
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Table 1 Summary of related work 

Authors Study size Age Variables used Statistical 
techniques 

Eluwa et al. [10] 1000 20–30 Gender Mean and standard 
deviation 

Chang et al. [7] 2083 7–12 Age, gender, and BMI Multivariate 
analysis 

Ezema et al. [11] 474 6–10 Age, gender, and BMI Chi-square test 

Pashmdarfard et al. [18] 1700 7–12 Age, height, weight Ordinal regression 

Bhoir et al. [3] 80 18–25 Gender and BMI Correlation analysis 

Al-Shenqiti et al. [2] 563 6–12 Age, weight, height, 
and BMI 

Correlation analysis 

that there was no correlation between weight and BMI with flat feet, and there was 
a significant correlation between age, height, and gender with flat feet [2]. 

In this work, data from 424 primary school children in Delhi, India, is collected, 
and the association between age, gender, and prevalence of flat feet and partial flat 
feet is assessed. 

3 Research Methods 

In this section, the description of variables, study participants, and statistical 
techniques is presented. 

3.1 Research Design and Variables 

The study compiled a list of all primary school children between 6 and 10 years. 
The data for the children with completely flat feet or low arc (partial flat feet) was 
collected. Physical assessment, as well as discussions, was carried out so that the 
children with other foot deformities such as high arc or other deformities could be 
excluded from the study. 

The flat foot issues that are of little concern at an early stage of children’s 
upbringing may become a serious issue at a later stage when the child becomes 
older particularly if it is associated with mobility and quality of life issues. Further, 
this information can be used effectively by the children and their parents for the 
pursuance of sports now and in the future. 

The children were first physically examined. Then, photographic analysis was 
obtained for further assessment (Fig. 1). A foot imprinter plate was used to analyze 
whether the foot was flat, partially flat (low arched), or normal. The portable foot
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Fig. 1 Foot assessment 

imprinter plate had 2704 calibrated sensors, 5 Hz frequency, 5% accuracy, 100% 
digital calibration, and −10 to +45 °C temperature. Simultaneously, a check on 
weight distribution on both feet was made. Finally, the obtained data was analyzed 
by an expert team, and based on the analysis, a recommendation folder consisting of 
suggested exercises and further details was given to the participant child. 

3.2 Study Participants and Flat Foot Diagnosis 

A total of 424 primary school children with age between 6 years and 10 years were 
included in the study. The data was collected from five classes (I-V). Ethical permis-
sion was obtained for the inclusion of the data. The parents were fully informed 
about the assessment procedure. The main aim of the assessment of primary school 
children was to educate children and their parents and to communicate basic infor-
mation about his/her feet so that they have a better understanding of their children’s 
needs, and better care can be provided to them. After the examination, the expert 
team summarized the characteristics of children including age, gender, and type of 
feet and prescribed appropriate exercises and measures that the child needs to learn 
and follow for improving the foot mechanics. 

The study considered two personal characteristics, namely age, gender, and feet 
type with three categories (1) normal feet (2) partial flat feet, and (3) flat feet. Table 2 
presents the summary of data from 424 participants with respective counts and 
percentages. There are 120, 82 78, 68, and 76 primary school children aged 6, 7,
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Table 2 Characteristics of 
participants Variable Value Count (percentage) 

Age 6 120 (28.3%) 

7 82 (19.3%) 

8 78 (18.39%) 

9 68 (16.03%) 

10 76 (17.92%) 

Gender Male 254 (60%) 

Female 170 (40%) 

Feet type Normal feet 130 (30.66%) 

Partial flat feet 176 (41.5%) 

Flat feet 118 (27.83%) 

8, 9, and 10, respectively. The percentage of female children is 40% and male chil-
dren 60%. There were 30.66% of children with normal feet, 41.5% of children with 
partial flat feet, and 27.83% of children with flat feet. 

3.3 Statistical Analysis 

In this work, chi-square, a statistical test, is used to find the association between the 
personal characteristics (age and gender) and the presence of flat feet or partial 
flat feet of a child. The chi-square test is a non-parametric test that is used to 
check whether there exists a significant difference between expected frequency and 
observed frequency [22]. In this test, data samples are drawn randomly from the 
population. This test works on categorical data or we can say that this test is used 
when the data is ordinal or nominal. The level of significance was 0.01. The hypoth-
esis of the work is that there is an association between age, gender, and prevalence 
of flat feet or partial flat feet. 

4 Analysis of Results 

In this section, presented here is the analysis and discussion of the results of the 
statistical analysis carried out in this work. A total of 424 primary school children 
were included in the analysis. The association between age and gender with the 
prevalence of flat foot was analyzed using the chi-square test as given in Sect. 3.4.
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4.1 Association of Personal Characteristics with Flat Foot 

Table 3 presents the summary of the count of the presence of flat feet in school 
children with respect to age, between 6 and 10 years. The percentage of children 
with flat feet and partial flat feet at various age levels is depicted in the bar chart 
shown in Fig. 2. The prevalence of flat feet was found to be highest in 10-year-old 
children (36.84%) and lowest in 7-year-old children (21.95%). The prevalence of 
partial flat foot was found in about 43% of children aged 6, 7, 8, 10, and lowest in 
9-year-old children (30.88%). There was no significant association found between 
age and flat foot at a 0.01 significance level (chi-square statistic: 11.134, p-value: 
0.194). 

Table 4 presents the prevalence of flat feet in primary school children with respect 
to gender. Figure 3 depicts the percentage of males and females with normal, partial 
flat, and flat feet. There are 14% of females and 37% of females and males with 
flat feet. There are 52% of females and 34% of males with partially flat feet. The 
association between the gender and prevalence of flat foot is found to be significant 
(chi-square statistics: 27.974, p-value: 0.000) at a 0.01 significance level.

Table 5 shows the prevalence of flat feet among male and female primary school 
children with respect to various levels of age. It can be seen flat feet are highest in 
6-year-old and 10-year-old male children.

Table 3 Prevalence of flat feet with respect to age 

6 years 7 years 8 years 9 years 10 years 

Normal feet 35 28 26 26 15 

Partial flat feet 52 36 34 21 33 

Flat feet 33 18 18 21 28 
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Fig. 2 Percentage of primary school children with flat and partial flat foot 
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Table 4 Prevalence of flat 
foot with respect to gender Male Female 

Normal feet 73 57 

Partial flat feet 87 89 

Flat feet 94 24 

Normal Feet Partial Flat Foot 
Flat Foot 

Normal Feet Partial Flat Foot 
Flat Foot 

Fig. 3 Percentage of a males b females with normal, partial flat, and flat foot

Table 5 Prevalence of flat foot with respect to age and gender 

Age 6 years 7 years 8 years 9 years 10 years 

Gender M F M F M F M F M F 

Normal feet 16 19 19 9 12 14 18 8 8 7 

Partial flat feet 26 26 13 23 15 19 14 7 19 14 

Flat feet 24 9 16 2 16 2 16 5 22 6 

4.2 Discussion 

It can be seen that there were 21.95–36.84% of primary school children with flat feet. 
This implies that at least one in every five primary school children had a flat foot. 
There were 43% of primary school children with partial flat feet which means that 
more than two in every five primary school children have a partial flat foot. Thus, 
more than 60% of primary school children have either flat feet or partial flat feet. In 
other words, three in every five primary school children have either a flat foot or a 
partial flat foot. 

The study reveals that with age flat foot increases and 10-year-old children have the 
highest number of flat feet. The presence of partial flat foot was consistent among all 
age children except 9-year-old children. This implies corrective actions and changes 
should to taken at an early age so that the children with partial flat feet do not develop 
complete flat feet with age. However, the results show that there is no significant 
association between age and the prevalence of flat foot or partial flat foot. Chang 
et al. [7] and Ezema et al. [11] observed that the prevalence of flat foot among
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primary school children decreased with age. Thus, further study is required to prove 
this hypothesis. 

The findings of this study demonstrate that male primary school children with 
flat feet were more than twice as compared to their female counterparts. But, the 
prevalence of partial flat feet in female children was equal as compared to male 
children which means that the number of female children with flat feet may increase 
with growing age. There was a significant association detected between gender and 
flat or partial flat feet among children. The results are consistent with the other studies. 
Ezema et al. examined 474 primary school children aged between 6 to 10 years and 
found that about twice male children with flat feet were more as compared to females 
[11]. Chang et al. also observed that there were twice more female children with flat 
feet as compared to male children [7]. Pashmdarfard et al. found that there was 
no significant effect of gender on the prevalence of flat foot among 7 to 12 years 
aged children [18]. In [10], the results show that the female occurrences of flat feet 
were more as compared to male children. This may be because the study examined 
20–30 years old participants. 

4.3 Recommendations 

The results of this study show that there is 27.83% and 41.5% of primary school 
children aged between 6 and 10 years with flat feet and partial flat feet, respectively. 
Thus, 294 out of 424 (69.3%) primary school children have either flat foot or partial 
flat foot which is a matter of concern. The initial sign of a flat foot may become an 
issue of concern at a later age as the child will get older. It may lead to a serious 
health issue or may affect the quality of life of the child by affecting physical mobility 
(walking, running, and balance), causing pain and other complications [8, 19]. 

The results by Martin et al. showed the prevalence of flat feet led to a decrease in 
quality of life and an increase in disability and pain in the feet [12]. The results of the 
study conducted by López-López et al. of Spanish patients showed that individuals 
with foot pathologies had worse quality of life as compared with individuals with 
the normal foot. The study emphasized improving foot health. 

Given the fact that footwork, speed, agility, and balance are key components 
of many sports (basketball, tennis, and running), the prevalence of flat feet among 
children may affect the career of a child in sports in the future [4]. A flat foot increases 
the stress and pressure on the inside of the foot and ankles. The presence of flat 
feet may increase the risk of injuries in athletes during training sessions and sports 
competitions [14]. When the physical activity increases and the overwork is done by 
an individual with a flat foot, it can result in foot pain, muscle spasms, calf fatigue, 
hip or back pain, and so on. This may hinder the sports activities of an individual 
and their performance in various sports. Many times, an individual is not aware of 
the presence of a flat foot until some issue arises while playing a particular sport. 
Sharma and Upadhyaya emphasized that a flat foot affects the running performance 
of an athlete due to a decrease in ankle muscle strength [20].
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The solution for the flat foot is relatively simple at a younger age. This study is a 
part of an awareness program conducted in schools with primary school children at 
an early age so that the problem of foot deformities and other issues can be addressed 
at an early age. The children and their parents can be educated about foot-related 
issues and simple exercises and techniques for the protection of the foot structure at 
a younger age. Thus, the flat foot issue is significantly critical and must be prevented 
and controlled at an early age before it is converted into a serious medical condition 
at an older age. Medical camps and awareness programs in schools can be very 
useful for preventing and controlling foot deformities in children at a very early age. 
Further, an early assessment of flat feet can provide the basis for parents to select 
appropriate sports for their child. 

5 Conclusion 

In this work, we analyzed the association between age and gender with the prevalence 
of flat or partially flat feet. The results are validated on the dataset collected from 
424 primary school children aged between 6 and 10 years. The results showed. 

that there are 41.5% with partial flat feet and 27.83% with completely flat feet. 
Hence, in Indian children aged between 6 and 10 years the prevalence of flat feet or 
partial flat feet is high, almost 3 in every five children. There was no association found 
between age and the presence of flat feet. However, there was a significant association 
found between gender and the prevalence of flat feet. Hence, male children require 
close monitoring and are at higher risk of flat feet at an early age and females have 
partial flat feet at an early age, and if precautions and minor corrections are taken, it 
will prevent converting the partial flat feet into complete flat feet at an older age. 

The study suggests an early assessment of the prevalence of flat feet in children 
so that preventive or corrective measures can be taken at an initial age of a child. 
This will not only improve the well-being and quality of life of an individual but also 
will help in making decisions about participation in appropriate sports. 

In the future, further analysis of children aged between 10 and 15 years will be 
made to further gain insight into the prevalence of flat feet among these children. 
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