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Role of technology in surgery is ever expanding and this book aims to 
elevate the readers' understanding of technology in surgery so that they are 
able to derive maximum benefit in terms of better clinical outcomes.
    This book covers technologies like energy sources, medical lighting, 
medical vision, metals in surgery and technologies for future of surgery.
    Each chapter is well structured, starting with simple concepts and builds on 
it to progressively. The language is simple and the comprehension is 
supported by apt illustrations. All the recent advances in the field have been 
covered. The book contains many practical tips and troubleshooting guides 
that are of immediate help.

Sudarshan Nagaonkar is an MTech from IIT Bombay with passion for life 
and technology. He is active in surgery technology space for more than a 
decade. He has presented to more than 800 surgeons and 1,000 biomedical 
engineers on various surgery technologies. He is certified for Fundamental 
Use of Surgical Energy (FUSE) by Society of American Gastrointestinal and Endoscopic 
Surgeons (SAGES). He is currently serving as a committee member of FUSE Committee 
of SAGES. He is currently Director, Precious Life Medical Technologies Private Limited, 
Bengaluru.

Girish Gangan is a MS from Georgia Tech, Atlanta, USA. He is passionate 
about metallurgy and mechanical engineering, He is active in surgical 
instruments for close to two decades and has served more than 10,000 
surgeons. He is currently Director, Uma Surgicals Private Limited, Mumbai.
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This book will help you to make the right choice of technology in surgical practice.
—Dr. G Siddesh, Past President, ASI

“All the advances in medicare enhancing patient safety and physician comfort in the past few 
decades are a projection of advances in Technology/ Engineering ...”

—Dr Roopesh N
Lead Consultant-

Gynecologic Onco-Surgeon and Peritoneal Cancer Surgery Specialist, 
Sparsh Hospitals, Bangalore
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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. 
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Foreword
It is my pleasure to introduce you The Third Dimension of Surgery. 
This book is a comprehensive guide to the technological 
advancements in the field of surgery, starting with the most 
common technologies like energy sources to the most promising 
technologies in the field.

The book is divided into six chapters, each of which focuses 
on a specific technology, the fundamental concepts and its 
applications in surgery. The book is  authored by an expert in this  
field, who has provided a detailed overview of the technology, 
its current state of development and potential impact on the 
future of surgery.

Being a surgeon and as an interested person  in  the 
technological aspects in the field of surgery, I am particularly 
excited about the potential of these technologies to revolutionise 
the field. From robot-assisted surgery to 3D printing, these 
technologies have the potential to improve patient outcomes, 
reduce complications, and make surgery safer and more 
efficient.

I hope that this book will serve as a valuable resource 
for anyone who is interested in learning about the latest 
technological advancements in surgery. I would like to thank  
Mr Sudarshan for his sincere  contribution and effort to this  
book, and I hope that entire  surgical fraternity finds it infor
mative and engaging.

Prof Tamonas Chaudhuri 
MBBS, MS. FAIS, FMAS, FACS

Professor 
Department of Surgery

Burdwan Medical College  
Purba Bardhaman, West Bengal, India

Consultant
ILS Hospitals, Kolkata  

West Bengal, India





Preface
Congratulations on buying this book. This shows your commit
ment to learning about technologies related to surgery and you 
have already separated yourself from others.

Success in surgery depends on understanding of anatomy, 
surgical hand and the technology. Anatomy is mastered by the 
surgeons as part of their graduate and postgraduate studies; 
the surgical hand gets better with practice. It is the technology 
part that is less emphasised even though its role in surgery is 
expanding ever. This book exclusively focuses on the technology 
aspect of surgery and that is why title of the book is The Third 
Dimension of Surgery.  

This book has been written for surgeons to help them in two 
ways viz. (i) when they buy a technology product, they are better 
equipped to have meaningful discussion with the vendors and 
select the right product for them and (ii) use their technology 
assets in safe and effective manner. The practicing surgeons can 
use this book as a reference to understand a specific technology 
deeper either because of an impending buying decision or the 
need to train their staff on a specific topic is felt.

This book is also useful to the postgraduate students, to get 
them headstart in surgery technology domain. They will be able 
to apply this understanding during their postgraduation and 
also start their surgery practice on a more sound footing.

Some biomedical engineers may find this book useful. 
This book is recommended to them only after they have some 
exposure to surgery, and they have keen interest in a particular 
product.

The first two chapters cover energy sources, which is probably 
the most important piece of technology in the surgeon’s life. The 
chapters cover electrosurgery, including monopolar, bipolar, 
vessel sealer, saline bipolar, ultrasonic scalpel and laser.

The third chapter covers medical lighting with special 
emphasis on OT light.
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The fourth chapter covers medical optics. It covers laparosco
pic camera, medical grade monitors and other related techno
logies for vision.

The fifth chapter covers the role of metals in surgery. This 
chapter covers the metallurgy in surgery, types of surgical 
instruments, selection criteria for instruments, tips for effective 
use of them and storage and handling instructions.

The sixth chapter covers the upcoming technologies, which 
are likely to have big impact on practice of surgery in the next 
few decades. The chapter covers robotic surgery, artificial 
intelligence with emphasis on machine learning, virtual reality, 
augmented reality and 3D printing.

Each chapter gets the reader familiar with the basic terms, 
explains the fundamental technology concepts, covers the 
practical tips for safe and effective surgery. Some chapters also 
have basic troubleshooting guide for some common problems.

The book is intended to become more practical than academic. 
Hence, simplicity has been prioritised against technical accuracy.

I am thankful to all the professionals from whom I have learnt 
these concepts and there are too many to enumerate. If the book 
has come out well, the credit goes to them. If there are errors or 
scope for improvement, those are because of my limitations. 
Please bring them to my notice and I will try to improve the 
content in the next edition.

My heartfelt thanks to my family members, who supported 
me in my pursuit of knowledge at the cost of family time. I thank 
Vibhor Anand for suggesting the book title. I also thank the 
Society of American Gastrointestinal and Endoscopic Surgeons 
(SAGES) for lightening the quest for knowledge in me.

Sudarshan Nagaonkar



Contents
Foreword	 v
Preface			  vii

1.	Electrosurgery	 1

Energy  1
Electrosurgery  2
Monopolar Mode  2
Bipolar Mode  4
Effect of Frequency on the 
Tissue  4
Effect of Temperature Rise on the 
Tissue  5

Factors Affecting Temperature 
Rise  7

Understanding Waveforms  7
Crest Factor  8

Impedance Response Graph  9

Safety Hazards and 
Precautions  10
Tips for Safe and Effective use of 
Electrosurgical Unit  12

Tips for Buying Electrosurgical 
Unit  12

A Note on Twin Coagulation  14
Before Surgery  14
Just Before Surgery  17
During Surgery  18
After Surgery  21

Basic Troubleshooting  21

2.	Advanced Energy Sources	 23

Ultrasonic Scalpel  23
Generator  24
Transducer  24
Hand Instrument  24

Working Principle of Ultrasonic 
Scalpel  24
Application Notes  26

Understand Factors Affecting Cut 
and Coag Effects  26
Using the Active Blade as 
“Monopolar”  26
Understanding Polarity of the 
Instrument  27

Safety Precautions  27
Advantages of Ultrasonic 
Scalpel  28

Advanced Bipolar  
(Vessel Sealer)  28

Types of Instruments for 
Advanced Bipolar  28

Disposable Instrument that 
Comes with Blade  28
Reusable Instrument with  
Flat Jaw  29
Reusable Instrument with  
Round Jaw  30

Saline Bipolar  30
Laser  32

Effect of Light on a Material  32
Types of Fiber  34
Power Energy Equation  35
Waveforms in Laser  35
Safety Precautions for Lasers  36



x The Third Dimension of Surgery

3.	Medical Lighting	 37

Fundamentals of Light  37
Technologies for Generation of 
Light  38

Medical Grade Lights  39
Colour Temperature  39
Colour Rendering Index  39
Stable Colour Temperature 
Across Intensities and over Long 
Life  40
Truncated Light (Absence of 
Ultraviolet and Infrared Lights)  41

Operational Considerations for 
Light  41

Shadow-less Light  41
Smoothness of the Movement 
and Stability  41
360° Motions  42

Focus of Light  42
Intensity of Light  43
Heat Generation  43
Suitability for Laminar Flow 
System  44

Selecting the Right 
Configuration  44

Number of Domes  44
Light Intensity  44
Ceiling or Wall mounted or 
mobile  45

Practical Tips on Effective Use of 
Medical Lighting  45

Before Surgery  45
During Surgery  45
After Surgery  46

4.	Medical Optics	 47

Basics of Video  47
Pixel  47
Colour or Pixel Depth  49
Image Size or Frame Size  49
Frame Rate  50
Signal to Noise Ratio  50
Light Sensitivity  51
Dynamic Range  51
Zoom (Optical and Digital)  51

System Components  51
Light Source  51
Fiber Optic Cable  52
Telescope  52
Camera Head  53
Console Unit  55
Video Cables  55
Monitor  57

Best Practices, Precautions and 
Troubleshooting  57

Use All Components from a 
Single Supplier  57
Quality of all the Components 
Needs to be of Roughly Same 
Level  57
Do Not Kink Fiber Cable  58
Avoiding Foggy Images  58
Care during Fumigation  59
White Balancing  59
Placement of Monitor from 
Ergonomics Point of View  60
Understand Programmability of 
Buttons on Camera Head  60
Optimal Setting  60
Sterilisation Methods  61
Handling Video Cables  61

Medical Grade Displays  61
Brightness Remains Constant over 
a Longer Duration  61
A Wide Color Gamut  61



xiContents

Faster Rendering  61
Noise Filters  62
Easy to Clean and Disinfect  62
Anti-glare Coating  62
Professional Grade 
Connections  62

Latest Trends in Optical 
Systems  62

3D Camera Systems  62
ICG  62

Uses of ICG  64
Disadvantages of ICG  65

5.	Metal in Surgery	 66

Metallurgy in Surgical 
Instruments  67
Basic Properties of Material  67

Ductility vs Malleability   67

Various Metals Used in 
Surgery  68

Stainless Steel  68
Corrosion Resistance  69
Mechanical Properties  70
Metallurgical Categories of 
Stainless Steel  70

Titanium  73
Platinum and Palladium  74
Tungsten Carbide  74

Type of Surgical Instruments  74
Cutting Instruments  74

Scissors   74
Retractors  76
Grasping Instruments   77

Selection criteria for Surgical 
Instruments  78

How to Choose Appropriate 
Surgical Instruments?  78

Use of Surgical Instruments in 
Effective Manner  80
Storage and Handling of 
Instruments  82

Best Practices for Surgical 
Instrumentation Protection  83
Surgical Instrument Cleaning and 
Sterilisation Methods  86

Rinsing  86
Cleaning Techniques  86
Ultrasonic Cleaning  86

Sterilizing Methods   88
Physical or Chemical Medical 
Device Sterilization  88
Steam Sterilization  89
Cold Sterilization  90
Dry Heat Sterilization  90
Ethylene Oxide Sterilization  91
Radiation Sterilization  91
Verifying Medical Device 
Sterilization Techniques  92

6.	Upcoming Technologies 	 93

Robotic Surgery  93
Robotic Surgery for 
Laparoscopy  94

Surgeon Console  94
Patient Side Cart  94
Instrument Set  95
Vision Cart  95

Advantages of the Robotic 
Surgery  95
Limitations of the Robotic 
Surgery  96

Robotic Surgery for 
Orthopaedic  97

3D Planning Phase  97



xii The Third Dimension of Surgery

Robot Assisted Execution 
Phase  97
Benefits of the Robotic Surgery for 
Orthopaedic  97

Augmented Reality  97
Applications of Augmented 
Reality  98

Virtual Reality  98
Artificial Intelligence  99

Deep Learning  100

Applications of AI in Surgery  100
Advantages of AI  101
Limitations of AI  101

Autonomous Surgery  102
3D Printing  102

Advantages of 3D Printing  103
Applications  104

Specimen Models for Surgeries 
like Orthognathic  104
Patient-specific Implants  104


	3d Surgery
	Prelims 3D Dimesnsions of Surgery

