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provides an in-depth knowledge of latest imaging technology like interventional radiology, PAC system, 
elastography, radiofrequency ablation, tomosynthesis, fusion imaging, besides  giving basic principles and clinical 
applications of CT, MRI, ultrasound, colour Doppler and digital radiography, basic anatomy, physiology, and 
radiological physics. It attempts to serve as an essential guide for radiological procedures, darkroom procedures 
and positioning, basic and surface anatomy, and radiological protection. It also provides detailed knowledge on 
nuclear medicine in its simplest and practical form to the residents, radiographers and radiologists. 

 Keeping in view the importance of the latest imaging technology, the text has been revised and essential 
chapters like “ ”, “ ”, “ ” ( ), “Artificial Intelligence Bone Age Estimation Artifacts ultrasound, MRI, color Doppler Dual 
Source CT”, have been incorporated in concise form. It initiates the reader to imbibe good radiological practices.

Satish K Bhargava MBBS, MD (Radiodiagnosis), MD (Radiotherapy), DMRD, FUSI, FCCP, FICRI, FIAMS, FAMS, FIMSA is currently Director, KB 
Healthcare Diagnostic Centre, Greater Noida. He has served as Head, Department of Radiology and Imaging, Rama Medical 
College Hospital and Research Centre, Hapur, UP; University College of Medical Sciences (Delhi University), Delhi; and Sharda 
University, Greater Noida, UP. He was Head, Department of Radiology, Radiotherapy and Nuclear Medicine, University of Delhi, 
and Consultant Radiologist, WUS Health Centre, North Campus, University of Delhi. He was deputed by Government of India to 
Homs (Syria) and also as an advisor to set up Department of Radiology, BPKIHS, Dharan, Nepal, in which he is still serving as Visiting 
Professor. 

He is author of 14 books including Clinical Sonography, Colour Doppler Imaging, Diagnostic Radiology & Imaging, Textbook of 
Radiology and Imaging; has contributed many chapters in textbooks of paediatrics, orthopaedics, obstetrics & gynaecology;  
for the benefit of technologists and ultrasonologists; and has to his credit more than 325 research papers published in various 
national and international journals. He has been on the editorial boards of a number of national and international journals. 

He has been awarded Sir JC Bose Memorial Oration Award, Distinguished Medical Teachers Award, Dr BC Roy Award, Brig SK 
Majumdar Oration Award, Swami Vivekanand Oration Award, Prithvinath Bhargava Memorial Oration Award, Panna Lal Oration 
Award, GEMS International Award, IMA AMS Dr Satya Pal Aggarwal Annual Award 2010 and CL Sahani Award 2012 by Indian 
Medical Association, and awarded DMA Vishisht Chikitsak Award 2015 and DNB Excellent Teachers Award 2014 by National 
Board of Examinations, Ministry of Health and Family Welfare, Govt. of India. He has also served as Chairman, Board of Research 
Studies, University of Delhi.

Prof Bhargava was instrumental in innovating and starting vocational training course at UCMS, like 10 + 2, X-ray Technician 
Certificate course as part of CBSE syllabus under Ministry of Health & Family Welfare and Ministry of HRD, Government of India, 
BSc (Medical Technology), MSc (Medical Imaging Technology), MSc (Radiography) courses under University of Delhi and 
Diploma in Radiography through National Open School (autonomous under Ministry of HRD, Government of India). He has 
served as Secretary, Indian College of Radiology and Imaging (ICRI) (1993-98), and Chairman, ICRI (1998-2002) President-Elect 
(2004) and then President, Indian Radiological and Imaging Association (2005).

Sumeet Bhargava MBBS, DNB is currently Associate Professor, Department of Radiology, MS Medical College, Hapur Road, 
Meerut, UP. He passed his MBBS from LLRM Medical College, Meerut, and Diplomate National Board (DNB), Radiodiagnosis, 
National Board of Examinations, Delhi. He was trained at Dewan Chand Satya Pal Aggarwal Imaging Centre, New Delhi; Rajeev 
Gandhi Superspeciality Hospital, Tahirpur, Delhi; All India Institute of Medical Scieneces; and UCMS (Delhi University) and GTB 
Hospital, Delhi. He has to his credit 42 research papers published in national and international journals, besides contributing many 
chapters in books. He is a life member of Indian Radiological and Imaging Association, IMA College of General Practitioners, ICRI 
and National Academy of Medical Sciences, India. He has been awarded Dr N Ramdas Best Research Paper Award of ICRI in  
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Other Outstanding CBS Books in Related Subjects Other Outstanding CBS Books in Related Subjects



Sixth Edition

Textbook of

Radiology
for Residents and Technicians





Sixth Edition

Textbook of

Radiology
for Residents and Technicians

Satish K Bhargava
MBBS, MD (Radiodiagonsis), MD (Radiotherapy)
DMRD, FICRI, FIAMS, FCCP, FUSI, FIMSA, FAMS

Ex-Head, Department of Radiology and Imaging
JN Medical College, AMU, Aligarh

Ex-Professor and Head, Department of Radiology and Imaging
University College of Medical Sciences (Delhi University), and

GTB Hospital, Dilshad Garden, Delhi

Ex-Head, Department of Radiology and Imaging
School of Medical Sciences and Research (SMSR)

Sharda University, Greater Noida

Head, Department of Radiology and Imaging
Rama Medical College Hospital & Research Centre

Delhi-Hapur Road, Hapur (UP)

Sumeet Bhargava
MBBS, DNB (Radiodiagnosis), MNAMS, FCGP, FICRI, FCCP

Associate Professor
Department of Radiology and Imaging

MS Medical College Hospital and Research Centre
Hapur-Road, Meerut

CBS Publishers & Distributors Pvt Ltd

New Delhi • Bengaluru • Chennai • Kochi • Kolkata • Lucknow • Mumbai
Hyderabad • Jharkhand • Nagpur • Patna • Pune • Uttarakhand



Approved by CBSE
First Edition Sponsored by World Health Organization

ISBN: 978-93-5466-389-5

Copyright © Authors & Publisher

Sixth Edition: 2023
First Edition: 1992

Reprint: 1997, 1999
Second Edition: 2001

Reprint: 2003, 2004
Third Edition: 2007

Reprint: 2008, 2010
Fourth Edition: 2011
Fifth Edition: 2016

Reprint: 2016, 2017, 2018, 2019, 2020

All rights reserved. No part of this book may be reproduced or transmitted in any form or by any means,
electronic or mechanical, including photocopying, recording, or any information storage and retrieval
system without permission, in writing, from the authors and the publisher.

Published by Satish Kumar Jain and produced by Varun Jain for

CBS Publishers & Distributors Pvt Ltd
4819/XI Prahlad Street, 24 Ansari Road, Daryaganj, New Delhi 110 002, India
Ph: 011-23289259, 23266861, 23266867 Website: www.cbspd.com

Fax: 011-23243014 e-mail: delhi@cbspd.com;
               cbspubs@airtelmail.in.

Corporate Office: 204 FIE, Industrial Area, Patparganj, Delhi 110 092, India
Ph: 011-4934 4934 Fax: 011-4934 4935 e-mail: publishing@cbspd.com;

            publicity@cbspd.com

Branches
• Bengaluru: Seema House 2975, 17th Cross, KR Road, Banasankari 2nd Stage, Bengaluru 560 070, Karnataka, India

Ph: +91-80-26771678/79 Fax: +91-80-26771680 e-mail: bangalore@cbspd.com

• Chennai: 7, Subbaraya Street, Shenoy Nagar, Chennai 600 030, Tamil Nadu, India
Ph: +91-44-26680620, 26681266 Fax: +91-44-42032115 e-mail: chennai@cbspd.com

• Kochi: 42/1325, 1326, Power House Road, Opp KSEB, Power House, Ernakulum Kochi 682 018, Kerala, India
Ph: +91-484-4059061-65,67 Fax: +91-484-4059065 e-mail: kochi@cbspd.com

• Kolkata: 147, Hind Ceramics Compound, 1st Floor, Nilgunj Road, Belghoria, Kolkata-700056, West Bengal, India
Ph: +033-25633055, 033-25633056 e-mail: kolkata@cbspd.com

• Lucknow: Basement, Khushnuma Complex, 7 Meerabai Marg (Behind Jawahar Bhawan),Lucknow-226001, UP, India
Ph: +0522-4000032 e-mail: tiwari.lucknow@cbspd.com

• Mumbai: PWD Shed, Gala no 25/26, Ramchandra Bhatt Marg, Next to JJ Hospital Gate no. 2, Opp. Union Bank of India, Noorbaug,
Mumbai-400009, Maharashtra, India
Ph: 022-66661880/89 e-mail: mumbai@cbspd.com

Representatives
• Hyderabad 0-9885175004 • Jharkhand 0-9811541605 • Nagpur 0-9421945513

• Patna 0-9334159340 • Pune 0-9623451994 • Uttarakhand 0-9716462459

Printed at

Disclaimer

Science and technology are constantly changing
fields. New research and experience broaden the
scope of information and knowledge. The authors
have tried their best in giving information available
to them while preparing the material for this book.
Although, all efforts have been made to ensure
optimum accuracy of the material, yet it is quite
possible some errors might have been left uncorrected.
The publisher, the printer and the authors will not be
held responsible for any inadvertent errors, omissions
or inaccuracies.



to
My granddaughter
Myesha Bhargava





List of Contributors

Prof Satish K Bhargava
Professor and Head
Department of Radiology and Imaging
Rama Medical College Hospital & Research Centre
Delhi-Hapur Road, Hapur, UP

Dr Shuchi Bhatt
Professor and Head
Department of Radiology and Imaging
University College of Medical Sciences and associated GTB
Hospital, Delhi

Dr Sumeet Bhargava
Associate Professor
Department of Radiology and Imaging
MS Medical College Hospital & Research Centre
Delhi-Hapur Road, Meerut, UP

Prof P Gupta
Ex-Head, Department of Physiology
School of Medical Science and Research and
Sharda Hospital, Greater Noida, UP

Dr Nidhi Bhargava
Ex-Senior Resident
Department of Radiology and Imaging, University College of
Medical Sciences and associated GTB Hospital, Delhi

Dr Amit Bhargava
Head, Deartment of Oncology
Batra Hospital, Delhi

Dr Gopesh Mehrotra
Professor
Department of Radiology and Imaging
University College of Medical Sciences and
associated GTB Hospital, Delhi

Dr Vinita Rathi
Director Professor
Department of Radiology and Imaging
University College of Medical Sciences and associated GTB
Hospital, Delhi

Mr Niranjan Baghel
Radiology Technologist cum faculty
Department of Radiodiagnosis and Imaging
Vardhman Mahavir Medical College and associated Safdarjung
Hospital, New Delhi

Dr Ashok Saxena
Professor and Head
Department of Anaesthesiology and Critical Care
University College of Medical Sciences and associated
GTB Hospital, Delhi

Dr Atin Kumar
Professor
Department of Radiodiagnosis
JPN Trauma Centre, All India Institute of Medical Sciences Ansari
Nagar, New Delhi

Mr Amit Sahu
Consultant Radiologist
Max Superspeciality Hospital, New Delhi

Dr Ashutosh Mukherjee
Senior Resident
Department of Radiotherapy
Maulana Azad Medical College and associated
LNJP Hospital, New Delhi

Lt. Col Aman Deep Singh
Military Hospital, Cardiothoracic Center
Golebar Maidan, Pune

Ms Usha
Radiology Technologist
Post Graduate Institute of Medical Education and Research
(PGIMER), Chandigarh

Dr Poonam Narang
Director Professor of Radiodiagnosis
Maulana Azad Medical College and associated GB Pant
Hospital, New Delhi

Dr Anupama Tandon
Professor
University College of Medical Sciences and associated GTB
Hospital, Delhi

Ms Bushra Khan
Assistant Professor
School of Allied Sciences, Sharda University
Greater Noida, UP

Ms Princy Sharma
Product Sales and Application Specialist
Medical Division (Fuzi Film), Gurgaon



Textbook of Radiology for Residents and Techniciansviii

Mr Dinesh K Baghel
Medical Physicist and Chief RSO
Department of Radiotherapy
Asian Institute of Medical Sciences, Faridabad

Dr Arun Kumar Rathi
Professor, Department of Radiotherapy
Maulana Azad Medical College and associated
LNJP Hospital, New Delhi

Dr Madhur Gupta
Ex-Professor and Head, Department of Anatomy
Post Graduate Institute of Medical Sciences and Research
Chandigarh

Dr Shalini Singh
Radiologist, Department of Radiology, Aarhus University
Hospital, Aarhus Sygehus, Nfrrebrogade 44
Aarhus C 8000, Denmark

Mr Dharam Singh
Radiology Incharge, SMSR
Sharda University
Greater Noida, UP

Dr Jani Ami Kaushik
Musculoskeletal Imaging fellow
Max Superspecialty Hospital
Saket, New Delhi

Ms Sarbari Saha
Assistant Professor-Grade 1
Tripura Institute of Paramedical Sciences
Tripura

Mr Parshuram Mavi Teela
Technologist, Lal Bahadur Shastri Hospital
Khichirpur, New Delhi



Contents ix

Due to the enormous demand by the residents, postgraduate students of MD and DNB courses, and
technologists from India and abroad, and keeping in view the recent advancements in the field of radiology

and imaging, the book has been completely updated with addition of a few chapters like “Artificial Intelligence”,
“Artifacts”, “Bone Age Estimation”, etc. Additions have been made in some chapters with more illustrations so
that the readers get benefitted.

We are sure the book in the present form will be very useful to students of MD and DNB courses, students of
diploma, BSc, MSc, residents and technologists and also physiotherapy students.

We are also thankful to all the contributors for their wholehearted support and help at every stage as and
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Satish K Bhargava
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The medical science has made tremendous progress during the last decade and it has been observed that diagnosis
by X-rays and other imaging modalities plays a vital role in modem era. To provide better interpretation, a

good quality radiograph is essential. Hence, a more exhaustive training is required in all aspects right from basic
anatomy to radiation protection and planning of the department. The present book is aimed to fulfil this need.

This book covers a broad spectrum of subjects including basic anatomy, physiology, positioning, dark room
procedures, radiation protection, planning of the department and radiotherapy. The radiographers will find the
book very useful for its comprehensive and authoritative information.
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